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augmentative and alternative communication refers to methods used by 
people with speech and language impairments, and the clinical and 
academic field that supports them 
ACE Centres (originally Aiding Communication in Education) are units in 
Oxford and Oldham (ACE North) supporting AAC for children 
Association for Computing Machinery publishes journals and holds 
conferences in HCI 
amyotrophic lateral sclerosis is a degenerative condition leading to loss of 
speech, a form of MND 
(also known as)  
assistive technology is used to refer to products, prostheses or accessibility 
measures for people with disabilities 
British Association of Academic Phoneticians 
complex communication needs is a broader term for the needs of people 
without speech 
computer–human interaction, an HCI special interest group of ACM 
Creative Speech Technology network, funded by EPSRC 
Centre for Speech Technology Research, University of Edinburgh 
data visualisation involves visual rather than numerical representation of 
information or data, as a means of either examining or communicating 
its nature (see also visualisation) 
Digital Interaction Design, a BSc(Hons) course at DJCAD 
Duncan of Jordanstone College of Art & Design, University of Dundee 
European Academy of Design, an academic design research conference 
embodiment is used in this thesis to mean giving a concept (which may 
have previously existed in written or spoken form) visibility and 
presence in two- or three-dimensional form (see also visualisation) 
Engineering and Physical Sciences Research Council 
human–computer interaction has a disciplinary background that includes 
human factors and computer science 
human factors has a disciplinary background that includes ergonomics, 
cognitive psychology and ethnography 
hidden Markov model is a statistical mathematical method of speech 
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AAC 
 
 
ACE 
 
ACM 
 
ALS 
 
aka 
AT 
 
BAAP 
CCN 
 
CHI 
CreST 
CSTR 
 
 
 
DIxD 
DJCAD 
EAD 
 
 
 
EPSRC 
HCI 
 
 
 
HMM 
 
IDEO 
 viii 
 
inclusive design is used both to mean widely-accessible design and also a 
design process that involves end-users 
industrial design 
Industrial Design Society of America 
International Phonetic Association 
International Society of Augmentative and Alternative Communication is 
a community including academics, clinicians and people without speech 
interaction design might be said to bring the art school sensibilities of 
industrial design to the domain of human–computer interaction 
intonation is the rise and fall of pitch over an utterance (this is part of 
prosody) 
linguistics is the study of language 
Logopedics Phoniatrics Vocology, the Journal of British Voice Association 
motor neuron disease is a group of degenerative conditions often leading 
to loss of speech 
paralinguistic generally refers to aspects of speech beyond language, 
including prosody, voice qualities and also utterances such as 
"hmmmm" or "uh-huh" 
phonemes are discrete speech sounds, at the level of consonants or vowels 
phonetics is the study of speech sounds 
phonics is a method of teaching reading by associating letters with sounds 
prosody encompasses the rhythm, stress and intonation of speech (this is 
part of tone of voice) 
Rehabilitation Engineering Research Center (including AAC–RERCs) are 
U.S. centres for research and development of assistive technology 
speech and language therapists who have specialised in AAC are often the 
pivotal clinical staff supporting people without speech 
speech generating device (aka VOCA) is a communication device in which 
synthetic or recorded speech is the primary output 
speech synthesis is often used synonymously with Text–To–Speech, but 
will be used in a broader sense, to include mechanical speech production 
text–to–speech is the synthesis of computer speech, increasingly by 
combining and post-processing pre-recorded natural speech samples  
tone of voice is used here to include voice quality as well as the rhythm, 
stress and intonation of speech (prosody) 
universal design is a U.S. term for accessible design (whereas inclusive 
design is used more in Europe) 
University College, London is a renowned centre for phonetics 
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visualisation is used in this thesis to encompass a range of techniques in 
which things not previously visible are made visible, including 
information visualisation and embodiment (see above) 
voice output communication aid (aka SGD) is a communication device in 
which synthetic or recorded speech is the primary output 
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abstract 
For people without speech, voice output communication aids are an 
assistive technology––but can also be restrictive: whilst Text-To-Speech 
synthesis can say anything, it affords little choice of how this is spoken. An 
absence of nuanced tone of voice can inhibit social interaction. 
This research explores this profound but relatively overlooked issue in 
augmentative and alternative communication through the lens––with the 
sensibilities and skills––of interaction design. 
Tone of voice is such an elusive and intangible quality: difficult for even 
phoneticians to define, let alone AAC users and carers to discuss in the 
context of their everyday lives. Therefore the activities of design 
exploration and design practice have been employed to visualise tone of 
voice, in order to catalyse new conversations, through two original 
research projects: 
Six Speaking Chairs, curated with Andrew Cook, is a collection of interactive 
artefacts that illustrate alternative models of tone of voice developed by 
academics and practitioners as diverse as sociolinguists and playwrights;  
Speech Hedge, created with the assistance of Ryan McLeod, is a visualisation 
of how someone might interact with nuanced tone of voice using a 
conventional communication aid in combination with an interface on a 
smart phone. 
Audience responses to each project have illuminated the perspectives 
from which laypeople conceive of tone of voice, challenging the 
conventional emotional model that dominates speech technology in favour 
of something more complex and heterogeneous. In order to reconcile such 
complexity with simplicity of use, design principles have been distilled that 
could inspire future user interfaces but also inform further research. 
This research has been published and presented within different 
academic fields, including design research, interaction design and 
augmentative and alternative communication. 
 xiii 
 
about the author 
Graham Pullin is an interaction designer, currently a Senior Lecturer and 
Course Director of BSc Digital Interaction Design at DJCAD at the University 
of Dundee. Previously he worked at the international design consultancy 
IDEO for 9 years, running a studio and leading projects for clients such as 
Vodafone and Intel and in-house research projects such as Social Mobiles and 
HearWear. 
He has been involved in disability-related design and research for over 
25 years, developing a keyboard emulator for disabled kids whilst studying 
engineering at Oxford University (1986), robotic arms at the Bath Institute 
of Medical Engineering (1988–91), prosthetic hands whilst studying 
design at the Royal College of Art and Imperial College of Science 
Technology and Medicine (1992–3), Leckey's standing frame for kids with 
cerebral palsy at Isis (1995–6), concept hearing aids at IDEO (2004–2005) 
and talking joysticks for kids who cannot speak at the University of Dundee 
(2005–). 
He is author of Design meets disability, a monograph and manifesto 
published by The MIT Press. This was written in parallel with the research 
contained within this thesis––and the relationship between the two will be 
explained. 
Interest in this particular study stems from a further overlap of interests. 
Whilst a designer at IDEO, Pullin studied phonetics at the University of 
Westminster leading to a qualification with the International Phonetic 
Association. This thesis combines speech, disability and design. 
 xiv 
 
about this research 
This research explores augmentative communication for people who 
cannot speak, using the sensibilities, methods and skills of interaction 
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design practice but also design sensibilities to disability-related issues. 
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about this thesis (and second book) 
This thesis is in two books: this, the first, is bound as a traditional PhD, 
between hard covers. This is the main body of the written thesis, structured 
in a conventional way: background; aims and objectives; methodology; 
methods; original research and outcomes; review. 
The layout is also pretty conventional, although the text is formatted 
with a wide outside margin. This is only occasionally used by the author 
for captions and other marginalia, in order to leave space for the reader to 
add their own bookmarks and annotations. 
This additional white space, in combination with correspondingly 
narrower columns, 10.5 pt text in Eric Gill's Joanna and one-and-a-half line 
spacing, is also intended to provide a good balance between legibility and 
readability. 
 
NAVIGATIONAL NOTES 
The second, slimmer book has a card cover and is saddle stitched (stapled). 
It contains 'navigational notes' that provide a commentary and reflection on 
the main thesis (a further introduction to the NAVIGATIONAL NOTES can be 
found at the start of the notes themselves). 
Each navigational note relates to a chapter in the main thesis and will 
often be referenced in the margins of the main thesis. The reader may 
choose to read the corresponding note at the end of each chapter, in the 
manner of a footnote; or else, as was preferred by reviewers, the 
navigational notes can be read as a collection, after the main thesis. 
Correspondingly, all the navigational notes have marginal references back 
to the main thesis. 
The mechanism of navigational notes was inspired by a publication 
resulting from a geographical survey. This material was uncovered 
following an instinct that the ways in which expeditions are mapped might 
prove relevant and inspirational when documenting this research––
explorations amidst complex interdisciplinary territories. 
 
 
 
 
Marginal notes in a  
sans serif font (Gill Sans) 
are used for captions to 
Figures or important 
references in the main 
thesis. 
Marginal notes in serif 
font (Joanna) refer to the 
NAVIGATIONAL NOTES in 
the second book. 
 
 
The origin of the second 
book will be discussed in 
more detail in the last of 
the navigational notes, 
entitled MAPS TO NOTES. 
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1 
introduction to interdisciplinary context 
 
This introduction sets out the context for this research, primarily the inter-
disciplinary field of augmentative and alternative communication (AAC), 
which concerns people who cannot speak and the ways in which their 
communication and conversation can be supported. The fields of assistive 
technology and speech technology are also implicated because all three 
fields overlap in the speech generating devices used by many people with-
out speech. 
The focus of this research is introduced in 1.1 lack of tone of voice in 
communication aids, 'tone of voice' being a quality that will be discussed in 
depth. Most communication aids, being enabled by Text-To-Speech tech-
nology that has been developed for other purposes, afford their users very 
little expressive freedom. Tone of voice is usually limited to just three alter-
natives, defined in terms of punctuation. It is explained why this is a pro-
found and socially-disabling limitation. The feasibility and timeliness of 
more radical approaches is supported by a briefer introduction to speech 
technology. 
In 1.2 a designer's role in augmentative communication, the potential 
role for design research is discussed––in a field where design skills and 
sensibilities are conspicuous by their absence, not just in research, also in 
practice. In particular, three key values of visualisation, simplicity and 
iconoclasm are identified. Above all, the potential contribution of this re-
search is to view a profound and overlooked issue in AAC through the lens 
of interaction design. 
Under 1.3 aims and objectives, specific challenges to conventional wis-
dom are identified: challenging the orthodoxy of Text-To-Speech and so-
called emotional speech synthesis. This section ends with some more de-
tailed research questions. 
The introduction ends with a more detailed explanation of 1.4 the struc-
ture of this thesis. This concerns the main thesis. 
 
This introduction pri-
marily concerns tone of 
voice in the context of 
AAC. Later, in 3.1.1 
'alternative models of 
tone of voice', tone of 
voice will be explored 
from wider disciplinary 
perspectives, including 
phonetics, linguistics and 
the theatre. 
The NAVIGATIONAL 
NOTES are further ex-
plained at the beginning 
of that second, slimmer 
volume. 
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1.1 
a lack of tone of voice in communication aids 
 
Stephen Fry: "I think all agree that that extra quality that our mouths, brains, 
larynxes, breath system, noses and all the other facial muscles we have that allows 
us to intone our speech makes language all the richer, all the more poetic, all the 
more exciting, all the more vigorous, all the more flexible and all the more use-
ful." 
Geoff Lindsey: "Absolutely. Imagine what speech would be like if we weren't able to 
change our pitch contour, if we were always speaking on a monotone." 
Fry: "Exactly." (Fry 2012) 
 
people without speech 
Many people are unable to hold a conversation directly, using their own 
voice. One such person was Colin Portnuff, who died in 2007 as a result of 
Amyotrophic Lateral Sclerosis (ALS). In the UK the term 'motor neuron 
disease' (MND) is used to describe a broader spectrum of diseases of which 
ALS is the most common. In Portnuff 's estimation "There are about 30,000 
Americans with ALS. Compare that with about 500,000 people with cere-
bral palsy. I don't have numbers for people who use AAC who have autism, 
throat or mouth cancer, stroke or traumatic brain injury. Each person who 
uses AAC has their own set of requirements." (Portnuff 2006, 7) People 
without speech are a significant group, as well as a diverse one. 
A lack or loss of speech can be for a diversity of clinical reasons. With 
dysarthria, a motor impairment affects accurate or fluent speech articula-
tion. In aphasia, language processing within the brain may also be affected. 
In either case the condition may affect an individual from birth, or onset 
later in life resulting in a loss of speech capability. This also applies to de-
fect/damage or absence/loss of the vocal organs. Currently, people in this 
situation are described collectively as having complex communication 
needs (CCN). 
Given how––rightly––politically freighted any language relating to dis-
ability and disabled people can be, the term 'people without speech' is 
adopted from the website of Toby Churchill Ltd, "the only UK company of 
its kind to have a dedicated development team producing devices designed 
for people without speech." (Toby Churchill Ltd., accessed 14 July 2012, 
http://www.toby-churchill.com/) Its founder, Toby Churchill, is himself a 
person without speech. 
 
See first navigational note, 
DISCIPLINES TO 
INDIVIDUALS, for a back-
ground of how the inter-
disciplinary literature 
search evolved. 
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augmentative and alternative communication (AAC) 
Augmentative and alternative communication (AAC) is the clinical and 
academic field that supports people without speech and that studies com-
plex communication needs. Its international body is ISAAC, the Interna-
tional Society for AAC, which publishes the academic peer-reviewed jour-
nal AAC through Informa Healthcare. It holds biennial conferences and the 
author attended ISAAC 2006 in Düsseldorf, ISAAC 2008 in Montréal and 
ISAAC 2010 in Barcelona. ISAAC conferences are notable for their mix of 
researchers, therapists, people without speech, manufacturers and service 
providers, all as attendees, participants and presenters. 
AAC concerns so-called 'unaided AAC' as well as 'aided AAC'. Unaided 
AAC includes signed languages that replace speech (the 'alternative com-
munication' in AAC). Aided AAC involves some kind of object to support 
spoken conversation (the 'augmentative communication' in AAC), which 
can be low-tech objects as well as high-tech devices. At one end of this 
spectrum, aided AAC includes paper communication sheets with words that 
can be pointed to. Whilst they are not 'interactive' in the sense of respond-
ing to a person's action, these objects are by no means uninteresting, even 
in the context of digital technology, because they support––rely on––
interaction between two people. In order to communicate a sentence to a 
speaking communication partner, the partner's role includes speaking out 
loud their understanding of what is being pointed to, so that the person 
without speech might confirm or correct this interpretation. This is known 
as co-construction, and whilst it has pros and cons for both parties in terms 
of interdependence versus independence, it nonetheless involves a rich 
form of social interaction in itself. 
 
a very short history of AAC 
The earliest generally available communication board, believed to have 
been distributed from the 1920s, was the F. Hall Roe Communication Board, 
developed with and for F. Hall Roe, who had cerebral palsy. (Vanderheiden 
2002, 8) The board had a few phrases, commonly used words and an 
alphabet to spell out any other word. It was printed on a robust material 
called Masonite to allow it to withstand being mounted on a wheelchair. 
Gregg Vanderheiden, who coined the term 'augmentative communica-
tion' (Vanderheiden 2002, 9) is both a pioneer and a historian of AAC. For 
more on the early history of AAC, see Vanderheiden (2002) and Zangari, 
Lloyd, and Vicker (1994) cited in Higginbotham (2010, 52–53). In the 
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mid-1970s, his group at the Trace Center, University of Wisconsin, Madi-
son, created a 'portable' voice synthesiser using a commercial speech syn-
thesiser, DECtalk by the Digital Equipment Corporation (DEC). Vanderhei-
den considers that the first commercial mass-market voice output com-
munication aid was probably the Handivoice from the Federal Screw Works 
and Phonic Ear, in 1978. 
 
 
 
speech generating devices (SGDs) 
Contemporary speech generating devices (SGDs) or voice output com-
munication aids (VOCAs) use digital technology to access digitised voice 
recordings or produce synthesised speech. 
The user interface of the longstanding Lightwriter by Toby Churchill Ltd is 
through a conventional keyboard. When introduced in 1973, this had no 
speech output but relied on two text displays, one for the person compos-
ing the message, the other facing their conversational partner. Since 1994 
and the introduction of the Lightwriter SL35, this text has been translated into 
synthetic speech through the incorporation of a commercial speech synthe-
sis engine (originally DECtalk, more recently Acapela). 
 
  
 
Uniquely for communication aids, it retains this mirrored display––
which can help in noisy environments where the speech output might not 
be heard clearly, but also can change the dynamic of a conversation by 
Figure 1 
three early AAC devices: 
left to right Portaprinter, 
General Man-Machine 
Interface and the Talking 
Brooch by Alan Newell, 
1973 (Vanderheiden 
2002) 
Figure 2 
Malcolm Moodie with his 
Toby Churchill Lightwriter 
SL40 (Toby Churchill 
Ltd) 
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introducing an element of co-creation (see earlier discussion of communi-
cation sheets) whilst supporting face-to-face conversation.  
 
 
 
The physicist Stephen Hawking is just the most famous person without 
speech who uses a voice output communication aid (not a Lightwriter) to 
access synthetic speech. Hawking, like many people without speech, also 
has reduced manual dexterity associated with his motor neuron disease 
which means he is unable to type using a standard keyboard. He instead 
uses a scanning interface software called Equalizer. Hawking used to press a 
switch in his hand, but as his condition progressed and he lost the remain-
ing function of his hands. He now uses a cheek switch, that employs an 
infrared sensor to detect intentional facial movements to signal a click. 
Devices such as the Lightwriter also support alternative input methods such as 
a keyboard emulator using just one or two switches. 
For many people without speech, their communication needs are more 
complex still, because they are unable to read and therefore to use a text-
entry communication aid. A congenital condition may have affected lan-
guage acquisition––or an inability to speak may itself have implications for 
language acquisition. Another project the author is involved with, PhonicStick 
with Annalu Waller, Rolf Black and Ha Trinh of the School of Computing, 
University of Dundee, is examining the role of a joystick access to phon-
emes so that children without speech might participate in Phonics lessons 
Figure 3 
Toby Churchill Lightwriter 
SL35 speech generating 
device 
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in school and so learn to spell and thereby to use a conventional text-based 
communication aid. (Black, Waller, Pullin et al 2008) 
For these and other reasons, the user interfaces of many communication 
aids are based on graphical symbols rather than being exclusively or di-
rectly text-based like the Lightwriter. Products such as the Maestro by DynaVox 
have a touchscreen displaying pictorial icons with captions. (Dynavox, 
accessed 15 July 2012, http://uk.dynavoxtech.com/products/maestro/) 
The Minspeak 'Semantic Compaction System' devised by Bruce Baker in the 
1980s uses a limited set of symbols to represent language in an accessible 
way, applying computational linguistics to transpose between this and 
written or spoken text. Minspeak software is offered on devices manufac-
tured by the Prentke Romich Company, another leading AAC manufacturer. 
Blissymbolics goes further still, being recognised as a language in itself 
rather than a means to encode or transcribe spoken language. Bliss consists 
of several hundred symbols representing concepts, that may be combined 
to form new concepts––and combined in new ways, the aspiration being 
for an open-ended language, despite the closed symbol set. Issues of word 
selection and sentence composition are dominant in AAC research, but are 
not the focus of this thesis. 
 
the profound roles of speech generating devices 
Speech generating devices play differing roles in the lives of people without 
speech: different roles practically, socially and psychologically. 
For people with progressive conditions such as ALS, as their speech be-
comes less clear over time––particularly to strangers, since family and 
friends are often better able to learn and to tune into their speech patterns 
––a speech generating device often becomes a replacement voice. The act of 
relinquishing their own voice in favour of a synthetic voice, the conscious 
decision of when to do this, makes this a profound marker in the progres-
sion of their illness. It is not surprising that many people resist this for as 
long as they can, both in terms of losing their voice but also acknowledg-
ing somehow the onset of the later stages of their illness. 
For people with aphasia, a loss of speech or language such as can follow 
a stroke, a speech generating device may provide a means to regain a de-
gree of conversational competence. Communication may even play a role 
in rehabilitation and the recovery of function. 
For people with a congenital condition such as cerebral palsy that may 
affect their physical ability to articulate speech but sometimes also the cog-
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nitive mechanisms underpinning language acquisition (and the two are not 
so easily separable, as sound production and social participation play a role 
in language acquisition) a speech generating device can play a role in early 
social interactions and the development of relationships and identity. 
In different ways, each of these three cases comes close to the heart of 
what it is to be human. And whilst there are other profound uses for speech 
technology, notably its use by visually impaired people to access digital 
platforms, information, media and communication, it would also be diffi-
cult to argue that any other use of speech technology was more profound 
than that within speech generating devices. 
Having sketched out some of the complexities and diversities of AAC, an 
individual person without speech will now provide a route into the issue at 
the heart of this research. 
 
Portnuff's hierarchy of needs 
Colin Portnuff was an AAC user with ALS, who delivered an influential 
lecture entitled 'Augmentative and alternative communication: a user's 
perspective' at the Oregon Health and Science University, 18 August 2006. 
In this he introduces the memorable Portnuff's hierarchy of needs in a communi-
cation aid (Portnuff 2006) a knowing reference to the psychologist Abra-
ham Maslow's original hierarchy of needs, the premise of which is that basic 
unmet needs, such as food and shelter, will dominate, but, once these are 
met, an individual will be motivated by progressively higher-level needs, 
such as friendship and self-esteem. (Maslow 1943)  
 
 
 
In Portnuff's hierarchy of needs, at Level 5 of a nine level hierarchy comes 
'expressiveness' as he calls it, which equates to what I will call 'tone of 
voice': 
Portnuff, Colin. 2006. 
Augmentative and alterna-
tive communication: a 
user's perspective. Lecture 
delivered at the Oregon 
Health and Science 
University, August 18, 
accessed July 20, 2011. 
http://aac-
rerc.psu.edu/index-
8121.php.html 
Figure 4 
Maslow's hierarchy of 
needs (Maslow 1943) 
See Appendix A for 
Portnuff's hierarchy of 
needs in full. 
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Expressiveness would be next. I want a question to sound like a question, and an ex-
clamation to sound like an exclamation. I want to be able to sound sensitive or arro-
gant, assertive or humble, angry or happy, sarcastic or sincere, matter of fact or sug-
gestive and sexy. (Portnuff 2006, 6) 
 
 
Portnuff's hierarchy is profound: expressiveness as he calls it sits squarely 
in the middle, between the day-to-day frustrations of basic intelligibility 
and the personal aspirations of speaking in other languages, talking to ani-
mals and singing. In this mapping it equates to Maslow's middle category 
of belonging–love. Which suggests that expressiveness might become an 
aspirational yet attainable priority in AAC. 
Jeff Higginbotham, in his excellent 'Humanizing Vox Artificialis' (Hig-
ginbotham 2010) makes extensive reference to Portnuff's lecture, which 
indicates its influence. But whereas Higginbotham selects from Portnuff's 
own words to expand on what he meant by 'expressiveness', he picks "I 
want a question to sound like a question and an exclamation to sound like 
an exclamation" (Higginbotham 2010, 55), editing out "I want to be able 
to sound sensitive or arrogant, assertive or humble, angry or happy, sarcas-
tic or sincere, matter of fact or suggestive and sexy". (Portnuff 2006, 6) It 
is not clear why a researcher as astute and respected as Higginbotham 
should make this omission, but, given Higginbotham's sensitivity to the 
issue, suggests how elusive a quality tone of voice is. 
 
voice and (versus) speech 
Portnuff continues "I would ask you to reflect deeply on how we come to 
associate voice with identity". Of his own artificial voice he says "I guess I 
am beginning to identify with the voice myself, but I would still not hesi-
tate to toss out the voice I use if I could get a more expressive one without 
sacrificing intelligibility." (Portnuff 2006, 5) 
He issues a challenge to AAC researchers: "Can you distinguish clearly 
between on the one hand, how articulate we are and how much like you 
Higginbotham, Jeff (D. 
Jeffery). 2010. Humaniz-
ing Vox Artificialis: the 
role of speech synthesis 
in Augmentative and 
Alternative Communica-
tion, Chapter 4 of 
Mullennix, John, and 
Steven Stern (Eds.) 
Computer synthesized 
speech technologies: tools 
for aiding impairment. 
Hershey, New York: 
Medical Information 
Science Reference. 
 
Figure 5 
Portnuff's hierarchy of 
needs (Portnuff 2006) 
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we sound, and on the other hand, the actual words and ideas we express? 
That is to separate out the quality of the voice from the speech it enables." 
(Portnuff 2006, 5) All the more thought-provoking because of a certain 
ambiguity: it's not clear whether Portnuff means this as a rhetorical ques-
tion, in terms of how separable these can ever be. 
The gender or regional accent of a synthetic voice are already recognised 
as being important, as shown by two public news items. Speech technology 
companies such as CereProc in Edinburgh have prioritised the production 
of regional synthetic voices. "Stuart joins 'Heather', the current Scottish 
synthetic voice available to pupils, so that boys can, for the first time, have 
a male synthetic voice to use in their school studies." (The Scottish Gov-
ernment. 2011. 'A new Scottish voice', 14 September, accessed 15 July 
2012, http://www.scotland.gov.uk/News/Releases/2011/09/14134332) 
although it should be noted that CereProc, a spin-off from the Centre for 
Speech Technology Research (CSTR) at the University of Edinburgh, an 
interdisciplinary research centre linking Informatics with Linguistics and 
English Language, is a world-leader in artificial voices, not just a provider 
of local regional accents. 
Perceptions of 'class' are also noticed. "My voice sounds like a posh Ro-
boCop" says Newcastle comedian Lee Ridley, aka Lost Voice Guy, to comic 
effect. (Curry, Neil. 2012. 'Comedy routine gives voice to speechless man' 
CNN, 29 April, accessed 15 July 2012, http://edition.cnn.com 
/2012/04/29/showbiz/lost-voice/index.html) 
These are long-term characteristics of our voice, qualities that might be 
associated with birthplace, gender and class. But our range of voice also 
projects our personality and establishes our identity. 
 
defining tone of voice 
Portnuff uses the term 'expressiveness' but also refers to his 'tone of voice'. 
(Portnuff 2006, 5) This thesis will also use the term 'tone of voice', as does 
linguist David Crystal in the title of his book The English tone of voice: essays in 
intonation, prosody and paralanguage. (Crystal 1975) "From the phonetic point of 
view, prosodic features may be defined as vocal effects constituted by vari-
ations along the parameters of pitch, loudness, duration, and silence". 
(Crystal 1969) Tone of voice is broader than prosody because it also en-
compasses paralinguistic features such as whispering––which I want to 
include. Tone of voice is also a term that more laypeople use than use 
prosody, which is important in a research project that is seeking to make 
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what might become an esoteric study of language accessible to a broader 
audience. 
There is unfortunately some ambiguity here however, since a written 
letter might be described as having an 'officious tone of voice' for example, 
in which case this obviously refers to the words chosen. But in this thesis, 
tone of voice will be used to refer to the way in which words are spoken 
and sometimes to the intent behind this or its effects. 
 
9 ways to say yes 
As the saying goes, "it ain't what you say, it's the way that you say it" 
(Anon). Linguist David Crystal describes nine ways of responding "yes" in 
English to the same question. Crystal says "no-one has yet described all of 
the nuances of meaning that can be conveyed by the intonation system. 
Even if we restrict ourselves to a single word, yes, in a single context, it 
proves difficult to capture everything that is involved." (Crystal 1995, 248) 
 
 
 
low fall––The most neutral tone; a detached, unemotional statement of fact. 
full fall––Emotionally involved; the higher the onset of the tone, the more involved 
the speaker; choice of emotion (surprise, excitement, irritation) depends on the 
speaker's facial expression. 
mid fall––Routine, uncommitted comment; detached and unexcited. 
low rise––Facial expression important; with a 'happy' face, the tone is sympathetic 
and friendly; with a 'grim' face, it is guarded and ominous. 
full rise––Emotionally involved, often disbelief or shock, the extent of the emotion 
depending on the width of the tone. 
high rise––Mild query or puzzlement; often used in echoing what has just been said. 
level––Bored, sarcastic, ironic. 
fall-rise––A strongly emotional tone; straight or 'negative' face conveys uncertainty, 
doubt, or tentativeness; a positive face conveys encouragement or urgency. 
Figure 6 
David Crystal's  
9 ways to say yes  
(Crystal 1995, 248) 
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rise-fall––Strong emotional involvement; depending on the face, the attitude might 
be delighted, challenging or complacent. (Crystal 1995, 248) 
The interrelationship between tone of voice and facial expression de-
serves a note here. Crystal is describing the role of facial expressions in 
disambiguating different tones of voice, assuming they are present––
whereas an absence or presence of facial expressions in AAC is more com-
plex. Some AAC users display facial expressions or legible body language 
(although different conversational partners may be more or less tuned into 
these). But others may not, or these may be obscured by involuntary 
movements, at least to conversational partners who are less familiar or 
adept at picking up on cues. And conversation may be taking place over the 
telephone where facial expressions are not visible (or with someone who is 
visually impaired), which is no less a part of AAC. 
 
yes as a textured, nonbinary answer 
In the paper 'Co-constructing meaning in conversations with an aphasic 
man' by Charles Goodwin, a Professor of Applied Linguistics, is studying 
the use of language by Rob, a man––"who had been a successful New York 
lawyer, a man who made his living through his ability to use language" but 
who, following a stroke, almost completely lost the ability to speak, none-
theless still understanding what others said to him. Goodwin reports that he 
was able to "use nonsense syllables to produce meaningful intonation 
melodies". (Goodwin 1995, 235) 
Rob ends up with a limited vocabulary of just three words: 'yes', 'no' and 
'and' which are powerful because they allow Rob to communicate "by 
making use of the language resources provided by the speech of others." 
(Goodwin 1995, 235) Goodwin uses the phrase "Yes as a textured, nonbi-
nary answer." (Goodwin 1995, 240) 
Wittgenstein (1958) argued that language deceives us by making phenomena that 
are in fact quite diverse appear identical to each other. Though Rob is using what is 
semantically the same word, Yes, through variation in the way that he speaks it he is 
able to construct consequential different objects that project alternative trajectories of 
future actions (e.g., closure of the search vs. continued pursuit). To further explore 
the diverse entities that can be clothed in the same word, consider the "Yes" in line 
25... (Goodwin 1995, 243) 
This is a thought-provoking inversion: not considering text to somehow 
be dressed up or embellished with a tone of voice, rather diverse entities 
"clothed in the same word". 
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Although Rob's vocabulary is very limited, he is able to "take a stance 
towards what he is saying, through the detailed way in which he says a 
word (e.g., intonation, sound stretches) and through body behavior." 
(Goodwin 1995, 241) Yes and no as words (alone), if seen as logical op-
erators frame everything as a clear binary choice. Whereas "in practice, a 
proposal might not be neither clearly wrong nor exactly what is being 
sought, but instead 'almost right,' 'in the ballpark'––something that al-
though not entirely correct, should not be rejected, because of its closeness 
to what is actually being sought provides a strong clue, a point of departure 
for further work". (Goodwin 1995, 241) This 'work' Goodwin terms 'co-
construction', which is a common term in AAC, also relating to the way 
people use printed communication boards or even speech generating de-
vices. One example Goodwin uses is when Rob's nurse asks if he'd like toast 
for breakfast: he uses "Yes:," to keep the conversation around toast, rather 
than to risk rejecting the idea of anything toasted (we subsequently learn 
that he wanted an English muffin).  
"Yes:," (transcribed with a comma) uses intonation to display that the search should 
not yet be closed. (Goodwin 1995, 241) 
"Ye:s." (transcribed with a full-stop) indicates the search has successfully reached its 
conclusion 
"Y^e:s." (with rise in pitch in midst) indicates, for example, appreciation and enthu-
siasm. (Goodwin 1995, 242) 
Goodwin makes a further distinction between: "Yes." which he sees as a 
combination of a "next turn repair initiator [Goodwin cites (Schegloff 
1992)]––a request to hear again what his wife has just said––and an expec-
tant though still tentative "I think you've got it. Such an object is quite 
different from... the confirmatory, appreciative "Y^e:s." that follows." "The 
two Yes's" differ from each other in pitch shape, pitch height, duration and 
amplitude–although Rob is also using body language, overlapping and 
withdrawing eye gaze." (Goodwin 1995, 243) 
Perhaps most tellingly Goodwin writes: "(unfortunately, capturing this 
on the printed page is beyond my powers of transcription [he then refers 
the reader to a 'pitch track' in a subsequent figure])" (Goodwin 1995, 
242)––and Goodwin is a Professor of Applied Linguistics! This is printed in 
Language and Social Interaction, a journal whose target readership includes not 
just researchers in discourse analysis and conversational analysis, but also in 
ethnography. 
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speed of communication 
Individuals directly accessing their speech generating device typically gen-
erate 8–15 words per minute in comparison with spoken speech rates of 
about 160 words per minute. (Higginbotham 2010, 52, citing Higginbot-
ham, Shane, Russell and Caves, 2006) This is a huge issue because it has 
been shown to affect intelligibility, by John Todman––who was a Professor 
in the School of Psychology at the University of Dundee, research partner 
of Norman Alm and others in the School of Computing and editor of the 
Journal AAC––amongst others. (Todman 2000) At slow speeds of under 35 
words per minute, comprehension is compromised. As is also an AAC 
user's ability to retain control of a conversation––or even to participate: 
The institutionalized, naturalized, socially consensual order of conversation has a 
time order, a rhythm that assumes an intersubjective coordination of physical human 
bodies. Having a body which could not inhabit this time order was a breach of the 
normalized conversational environment. (Robillard 1994) 
Robillard is someone with complex communication needs, but who 
doesn't use any AAC. And furthermore, it has been found (Todman 2000) 
that speakers with slower rates are perceived as having lower conversational 
competence by their conversational partners. 
Even Portnuff, who takes such a broad view of communication, intro-
duces his own hierarchy of needs with the qualification "So aside from the 
obvious composition speed issue, what is important to me?" (Portnuff 
2006, 5) 
 
and yet, a dilemma 
Returning to Portnuff (fully this time): 
The challenges here come when there is strong emotional context to the conversa-
tion. First of all, the speech system always has the same, sometimes slightly peculiar 
intonation. So the listener has to listen for the actual words and ignore the intona-
tion. This is difficult for some people to do. By the same token, there are times when 
intonation would help greatly to soften the impact of words. I have gotten into hot 
water a few times saying something that I might have gotten away with by moderat-
ing my tone of voice. (Portnuff 2006, 5) 
There is clearly a dilemma here: whether expressive control could ever 
be added without unacceptably further compromising speech rate, whether 
more might be gained than lost. 
In the future, Voice Output Communication Aids that do not provide for a dynamic 
balance between competing demands for speed and accuracy will not be serving 
their potential users well. (Todman and Rzepecka 2003, 233 cited in Higginbotham 
2010, 60) 
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Again, unfortunately Todman is no longer alive to ask, but accuracy 
could also include nuance of tone of voice. 
 
 
 
In his seminal work An Outline of English Phonetics, the first Professor of Pho-
netics at UCL Daniel Jones stated that "Intonation is most important for 
communicating shades of meaning. Compare the following:" (Jones 1936, 
257) He begins by differentiating between ways of intoning yes "(meaning 
'That is so')" versus yes "(meaning 'Of course it is so')", before a third 
intonation 
(meaning 'yes, I understand that; please continue'. This form is very frequently used 
when speaking on the telephone. The same intonation would be used in answering a 
question if a further question were expected; for instance, a shopman would use it in 
answering the question 'Do you keep so and so?') (Jones 1936, 257) 
Therefore it could be argued that "yes", adeptly intoned to communicate 
these more nuanced meanings, is one word standing in for three, five or 
six words. If so, control of intonation might effectively increase efficiency 
and therefore speed of communication. 
Returning to Goodwin's case study of unaided AAC with an aphasic 
speaker (Goodwin 1995), timing and efficiency become inextricably 
linked. There is one instance in which a prompt response carries more 
meaning for being prompt: 
Rob says "No:," before the nurse has even produced a next alternative. By speaking 
where he does, Rob uses the one appropriate word available to him to mark opposi-
tion to what the nurse is trying to do––the condiment sequence itself––rather than a 
particular choice within it. (Goodwin 1995, 250)  
Figure 7 
Daniel Jones's examin-
ation of the intonation of 
yes, in his Outline of 
English Phonetics (Jones 
1936, 257) 
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Goodwin has included the transcription "No:,", implying that tone of 
voice is also playing a role here. 
 
toward a definition of communicative competence 
In a seminal work 'Toward a definition of communicative competence for 
individuals using AAC systems', a forum note in the Journal AAC, Janice 
Light (now co-editor of the journal) attempted to identify many different 
facets of a complex issue. Taking as her starting point a dictionary defini-
tion of 'competence', she breaks this down into (a) functionality of com-
munication; (b) adequacy of communication; (c) sufficiency of know-
ledge, judgement and skill. The latter is broken down further into 1. & 2. 
linguistic and operational competence (or knowledge and skills in the use 
of the tools of communication) and 3. & 4. social and strategic competence 
(or functional judgement and judgement in interaction). (Light 1989, 138) 
Under 'functionality of communication', are the skills required "to initi-
ate and maintain daily interactions" (Light 1989, 128), which is a broad 
and high-level goal. But she goes on: 
In the area of communication, functional skills involve the skills which are required 
to initiate and maintain daily interactions within the natural environment, be it ask-
ing for directions from a stranger, telling a joke to a friend, ordering a pizza for 
lunch, or explaining the new data base to a fellow employee. (Light 1989, 128) 
In these last four examples, although at first sight diverse, the definition 
seems narrower, in that they all involve the transfer of specific information 
from one party to another. The emphasis may be on speed and accuracy of 
word choice (perhaps telling a joke to a friend is the exception, since it's 
the way you tell 'em).  
However, later on in the same paper, defining social competence, Light 
identifies sociorelational aspects of interaction, which she says have been 
more neglected than sociolinguistic aspects, and identifies relational skills 
or characteristics: 
... active participation in conversations, responsiveness to partners, and the ability to 
put partners at ease. (Light 1989, 140) 
And here tone of voice plays a role. 
 
being an interesting conversation partner 
According to Norman Alm and Alan Newell, "Being an interesting conver-
sation partner should not be seen as a desirable but largely unobtainable 
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goal for non-speaking people. It is an essential part of maintaining a full 
social presence." (Alm and Newell 1996, 181) 
With strangers, it may be impossible to avoid giving an impression of lack of intelli-
gence, lack of interest, or negative feelings about the interaction, none of which may 
be the case... A further problem for someone with a severe physical impairment who 
cannot speak is, not only that they have difficulty in producing conversation, but also 
that they are constantly giving out inappropriate messages... If, through a disability, a 
person is unable to project an acceptable or accurate picture of themselves, they are 
likely to be stigmatised. (Alm and Newell 1996, 176) 
Tone of voice plays a role in being an interesting conversation partner, 
both in terms of the ability to sound as though one is interested in what the 
other person has just said, and in terms of one's own speech holding their 
interest in return––which itself involves sounding as though one is oneself 
interested in what one is saying. This involves subtlety, and therefore "as 
children learn to communicate, a great deal of practice, repetition, and 
getting it wrong goes into acquiring communicational and interactive abili-
ties." (Alm and Newell 1996, 181) 
To sound interesting, AAC users also need to be efficient with their words, as each 
word produced may involve a tremendous amount of effort. (Newell 1992, 84) 
 
melody and harmony, text and subtext 
Returning to aided AAC with speech generating devices, David Beukelman 
makes a distinction between "right hand" and "left hand" messages––a 
metaphor relating to playing a piano in which the right hand typically plays 
the melody whereas the left hand, in playing the background rhythm and 
harmonies, sets the mood or the subtext. In conversation, these "harmo-
nies" are signalled by the tone of voice, the steadiness of eye gaze, and so 
on. 
As I read or listen to the messages produced by persons using augmentative and al-
ternative communication (AAC) techniques, I realize that they are usually limited to 
“right hand” messages as the print and speech synthesis output often strips the mes-
sages of background cues. Therefore, persons who use AAC techniques are limited in 
their ability to effectively communicate their background messages. In addition, their 
efforts to communicate the harmony message in a more direct manner may be per-
ceived to be suspicious, aggressive, or, at a minimum, inappropriate. (Beukelman 
1989, 258) 
 
17 ways to say "really" 
In any application of synthesised speech, the limited tone of voice from TTS 
can lead to misunderstandings. But in AAC, its effects are far more pro-
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found, because our tone of voice does not just play a role in each individual 
utterance: over time, over the course of a conversation and beyond, over a 
relationship with another person, it projects our personality and identity. 
AAC researchers have noted that a lack of variation in tone of voice in a 
communication aid can imply a corresponding limit to the emotional range 
or social sophistication of its user (Alm and Newell 1996) leading to specu-
lation that even a randomised variation in tone of voice might play a valu-
able role. 
The significance of tone of voice extends beyond isolated individual ut-
terances, however important these are. Over the course of a conversation, 
or over many conversations, our range of tones of voice builds a cumula-
tive image of who we are: our character and culture. The historian Paul 
Johnson expressed this ironically with the words "No man is truly English 
if he cannot say 'Really' seventeen different ways" (Johnson, found online 
but source discontinued and not referenced at the time of viewing). How-
ever sarcastically this was meant, we all make assessments of the people we 
meet and talk to, based on the way they use language: their vocabulary; 
their accent; how loudly they speak; how piercing their voice is; how ver-
bose; how skilful or even playful is their intonation. 
Different people also have different conversational styles, aggressive, deferential, 
friendly, and these change with time and with partner. Ekman (1979) said that the 
crucial question is what people view as the main aim of (a particular) interaction. He 
suggested that this could be clarity, distance, or deference, depending on the partici-
pants and the particular conversation. (Newell 1992, 85, citing Ekman, Paul. 1979. 
Stylistic strategies within a grammar style. In Language, sex and gender, Annals of the 
New York Academy of Sciences, 327) 
 
disability, speech and technology; AAC, AT and TTS 
AAC could be defined as an intersection between speech and disability, and 
is itself an interdisciplinary field involving speech and language therapists 
(/speech-language pathologists), occupational therapists, other carers and 
people with complex communication needs themselves. Within this field, 
speech generating devices are an example of assistive technology (AT), 
which itself could be defined as an intersection between disability and 
technology and which introduces a role for rehabilitation engineers. The 
Assistive Technology Industry Association (http://atia.org) is the "primary 
AAC professional organization for manufacturers." (Higginbotham 2010, 
53) At the heart of most speech generating devices lies Text-To-Speech 
(TTS), an intersection between speech and technology supported by spe-
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cialist speech technologists often within a context of informatics, linguistics 
and computer science.  
These relationships might be represented as a Venn diagram of speech, 
disability and technology, with speech generating devices at the intersec-
tion of all three. This is highly interdisciplinary territory; if not inter-
interdisciplinary. 
A brief introduction to speech technology follows, in order to explain 
why reconsidering tone of voice in AAC is not only profound, but timely. 
 
a short history of speech technology 
Speech synthesis has not always been synonymous with Text-To-Speech. 
The very first speech synthesisers were built in the late 18th Century, be-
fore even the Jacquard loom, and were conceived as mechanical analogues 
of the human vocal organs, played by people rather than programmed. 
Wolfgang Kempelen is credited as being the first experimental phonet-
ician, who explained the workings of the human voice in detailed writings 
and drawings, an understanding that in turn became the basis for his own 
speaking machine of 1791 (Kempelen 1791; Standage 2002). Kempelen's 
sprechende Maschine is operated in the manner that a musical instrument is 
played: the player works a set of leather bellows playing the role of the 
lungs with their right arm, and places their hands through holes in the 
sides of a wooden box: inside this box, sound is produced using a reed 
from the Hungarian bagpipes, used as an artificial larynx. The player modi-
fies this sound to form vowels and consonants by manipulating a leather 
mouthpiece and operating levers and valves that mimic the actions of the 
human vocal organs.  
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the magic of speech technology 
The original speaking machine is in the Deutsche Museum in Munich. The 
author has also played a replica built in Budapest, as part of a workshop to 
commemorate the 200th anniversary of Kempelen's death. (Pullin 2004) 
The experience was unforgettable: although the sensitivity of the controls 
makes it very difficult for a beginner to produce intelligible speech, when 
this happens, if only by accident, there is something magical about the 
interaction.  
I have reached for the word 'magical' if only to avoid the term 'uncanny', 
because of its association with revulsion. In Masahiro Mori's Uncanny Val-
ley, original reference (in Japanese, not consulted by the author): Mori, 
Masahiro. 1970. Bukimi no tani. Energy, 7(4), 33–35. Christopher Newell 
uses the term 'liveness', in contrast to realism (Newell 2009), to describe 
artificial speech that is overtly artificial but embued with human qualities, 
and this feels more appropriate. The impression of magic that I am attempt-
ing to describe is quite the opposite of the uncanny, because in this case it 
is not an apparently human robot let down by imperfection, rather the 
surprising liveness of an obviously mechanical box. 
Speech technology, real, imagined or anticipated, has long held the pub-
lic imagination. The relationship between the dreams of thinking machines 
and speaking machines––machines that expressed an ability to think––is 
beautifully illuminated in this passage in the introduction to A voice and noth-
ing more by the philosopher and cultural theorist Mladen Dolar: 
Figure 8 
Kempelen's sprechende 
Maschine, sketched by 
the author of in the 
Deutsche Museum in 
München, January 2003 
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Here we come to the point of this story. Kempelen toured the major European cities 
in the 1780s, and he often presented a double attraction, a double bill: on the one 
hand the speaking machine, on the other the chess automaton. The sequence of the 
two is crucial. The speaking machine was used as the introduction to the other won-
der, and presented as its counterpart, its foretaste, as it were, as if there were a 
double device, a double creature composed of the speaking and the thinking ma-
chine as the two Platonic halves of the same being. The difference between the two 
was ostentatious and didactic: first of all, the chess automaton was constructed in a 
way as to appear as human-like as possible––it made the pretense of being engrossed 
in deep thought, it rolled its eyes, and so on––while the speaking machine was as 
mechanical as possible: it did not try to hide its mechanical nature; on the contrary, 
it exhibited it conspicuously. Its main attraction was the enigma of how something 
so utterly non-human could produce human effects. (Dolar 2006, 8–9) 
 
electronic speech and music 
In the early 20th Century, both musical instruments and speech synthesiz-
ers started to employ electric circuits to produce sound. Lev Termen (also 
known as Leon Theremin) invented the Theremin in 1919 and Homer 
Dudley of the Bell Laboratories demonstrated the Voder speech synthesizer at 
the World Fair of 1939. Each involved coordinating hand gestures with 
arm movements or the operation of foot pedals. 
Later examples include PAT (Parametric Artificial Talker), MITalk and 
DECtalk (Allen, Hunnicutt, and Klatt 1987; Klatt 1987; Holmes and Holmes 
2001), but as the process of synthesis moved from hardware into software, 
the user's interaction with the system somehow became limited to typing 
and so further removed from the sounds that were being generated. The 
ubiquitous paradigm of the alphanumeric keyboard is suited to fast and 
efficient data entry, rather than to facilitating expression; as on a piano 
keyboard, one could press a key in so many different ways, expressing so 
many different things, but in TTS the action is always interpreted in the 
same way. Eliminating any unintentional variation is prioritized over rec-
ognizing any intentional expression. 
 
current synthesised speech 
In recent decades, the terms speech synthesis and Text-To-Speech (TTS) 
have come to be synonymous. (Holmes and Holmes 2001; Allen, Hun-
nicutt, and Klatt 1987) It is usually assumed that the production of syn-
thesized speech will always involve the automated conversion of some 
form of textual transcription into audible speech. This transcription may be 
in a standard written language such as English, in which case it is translated 
into phonemes using a pronunciation dictionary. Often a further definition 
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of phoneme-to-sound (phonemic to phonetic) rules is applied, as these 
vary from language to language and between regional and cultural accents. 
Some form of lexical stress analysis is also applied, because this can also 
change the way a word is pronounced. The result is a sequence of phonetic 
elements or phonemes. 
Synthetic speech is then typically produced from this phonetic transcrip-
tion by a process of concatenation, by which sampled or synthesised 
sounds are linked together in a chain. This is more difficult than might 
appear, because of the processes of coarticulation and assimilation in natu-
ral speech: that is, that each speech sound influences and is influenced by 
those that proceed and follow it because of the limited speed and limited 
independence of the movement of different parts of the vocal tract. This is 
one reason that the most sophisticated speech synthesisers draw on a cor-
pus of recorded speech, from which to extract phonemes in similar con-
texts, or whole clusters of phonemes together. The current state-of-the-art 
in speech synthesis relies on large amounts of corpus data in order to pro-
duce natural-sounding speech. This has tended to restrict the style of speech 
to a neutral read style, since this is the primary form in which this corpus 
data is recorded.  
 
prosody in synthesised speech 
Concatenative speech synthesis can lead to intelligible, but monotonic 
speech. What remains is to define the prosody of the speech: its accents and 
stresses, length and intonation. Within TTS systems, prosodic information 
is typically inferred from linguistic analysis of the text and its punctuation, 
with the goal of producing a so-called ‘neutral’ speech pattern. 
There are contradictory views of how 'neutral' prosody can ever be. In a 
chapter entitled 'Specifying prosody', Venkatagiri states that "Most commer-
cially available TTS products use a generic, neutral prosody that may not be 
fully appropriate but, at the same time, does not sound inappropriate" 
(Monaghan 1990 referenced in Venkatagiri 2010, 37). Yet later on, "TTS 
speech output will only approximate the correct prosody for an utterance 
most of the time and, in many instances, will have a discomfortingly inap-
propriate prosody." (Venkatagiri 2010, 40) 
 
tone of voice and Text-To-Speech 
Perhaps unexpectedly, long sentences lend themselves to this derivation of 
prosody better than short interjections––which is unfortunate, because for 
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short interjections, tone of voice can be more varied and exert more influ-
ence on meaning. Differentiating between different ways of saying "yes" in 
TTS systems presents enormous problems, textually, phonetically and lin-
guistically. 
In text, written punctuation alone does not support anything like this 
richness. "Spoken and written language are different in many ways, and 
speech has the ability to capture subtle shades of meaning that are quite 
difficult to express in text, where one's only options are in choice of words 
and punctuation." (Holmes and Holmes 2001) So whilst a question mark 
might be used to imply a high-rise intonation; an exclamation mark for a 
high-fall; perhaps even three dots for hesitancy of a fall-rise intonation, this 
only scratches the surface of nuanced tone of voice. 
In phonetics, the theory of intonation is less advanced than most other 
aspects of phonetics. In a book described as a superb synthesis of all ap-
proaches to all aspects of prosody, the chapter on intonation begins as 
follows: "Intonation has traditionally been regarded as a problem." (Fox 
2000) One aspect of intonation that sets it apart from other prosodic and 
linguistic features is that the distinctions it makes are not discrete, but con-
stitute a gradient. So whilst phonetic theory may stretch to nine intonations 
for "yes", it does not extend to the richness of nuance we routinely employ 
in conversation, to echo Crystal. 
In linguistics, the problem is one of context, because the intonation of a 
word in most TTS systems is determined by linguistic analysis of the im-
mediate (and sometimes also the preceding) text. Depending on the whole 
sentence, and its overall meaning, a likely intonation for an individual 
word is inferred. With single word interjections, however, the context 
alone can never dictate the tone of voice. As we have seen in Crystal's 9 
ways to say yes, there are always contrasting nuances that could be con-
veyed by a “yes” response to the same question in the very same linguistic 
context. (Crystal 1995, 248) Only the speaker can know for certain which 
they will deploy. 
 
Synthetic Speech Markup Language (SSML) 
In a chapter tantalisingly entitled 'Interface Design for Speech Synthesis 
Systems', Gundrun Flach describes an interface in which parameters such as 
fundamental frequency and spectral tilt can be specified at will, thereby 
changing the prosody and other qualities of synthetic speech. The assump-
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tion is that the person using such a user interface is familiar with these 
parameters; is a speech technologist rather than a layperson. 
This is the norm in speech technology. Extended transcriptions such as 
VoiceXML and SSML (Speech Synthesis Markup Language) allow prosody 
and voice characteristics to be defined. (VoiceXML Forum 2002) Typically 
this is by a developer of a synthetic speech system rather than an end-user, 
or even on behalf of an end-user. This suits the most common roles of 
speech synthesis in the automated production of speech from text, for 
example automatically answered telephone lines or computer screen-
reading software. But it does not suit AAC applications.  
A notable exception was poem shop (probably a play on Adobe's Photoshop), 
developed by Erik Blankinship for Art Honeyman, an author and poet who 
lived in Portland until his death in 2008. Honeyman had cerebral palsy and 
used a communication aid, and liked to leave his poems as messages on his 
friends' telephone answering machines. Poem shop allowed him to craft the 
intonation––the delivery and performance––of these poems before record-
ing them (Blankinship and Beckwith 2001). Blankinship's research career 
has changed direction and the project was not developed further. (Erik 
Blankinship, personal correspondence, 11 June 2009) 
Whilst Higginbotham suggests that "The expressive elements of the Lo-
quendo voice can be controlled via VoiceXML." (Higginbotham 2010, 64) 
this has not yet found its way into an AAC user interface, to the author's 
knowledge. 
 
recent developments in speech synthesis 
Recent developments with hidden Markov model (HMM)-based speech 
synthesis, a statistical mathematical model, are being directed towards 
allowing a realistic voice to be generated from a much more limited 
amount of recorded speech. In brief, this could be achieved through ma-
nipulating the samples in order to change their prosodic features in differ-
ent context and still produce realistic neutrally read speech. (Clark 2006) 
The same research also has the potential for opening up more expressive 
prosody and tone of voice for its own sake. Tone of voice is back on the 
table––if not yet back on the agenda, because the applications that most 
developers have in mind are aiming for realism over expressiveness. So the 
perspective of this thesis is not how this might be achieved technically, 
within the speech synthesiser, but how users of various kinds might inter-
act with this expected increased flexibility. 
1.1 a lack of tone of voice in communication aids    24 
 
challenges from leading AAC researchers 
Jeff Higginbotham is a Professor at AAC-RERC in Buffalo, one of the 
world's leading centres of AAC research and practice. In 'Humanizing Vox 
Artificialis: the role of speech synthesis in AAC' he identifies the inability of 
synthesised speech "to fully express the complexities of one's intentions". 
(Higginbotham 2010, 65) Even when Higginbotham, in his first of three 
goals, proposes "First, speech synthesizers need to be more emotionally 
expressive", his very next sentence is "They need to allow augmented 
speakers to yell, sing, talk to animals, etc." (Higginbotham 2010, 65) and 
therefore Higginbotham is not restricting his concept of emotional expres-
siveness to what are traditionally and more narrowly defined as emotions. 
So important is this issue to him that the third of his three goals is about 
providing speakers with different ways to "intone [Higginbotham's italics] 
their utterances." (Higginbotham 2010, 65) 
Finally, we need to develop some semblance of “real-time” expressive control over 
utterance productions. One means of providing control may be to determine what 
ancillary, volitional movements can be tapped to control one or more prosodic di-
mensions. Another option may be to increase the number of communicatively func-
tional “pre-packaged” prosodic variations, providing speakers with different ways 
intone their utterances. (Higginbotham 2010, 65) 
Gestural interfaces––controlling digital devices through fluid body 
movements––whilst expressive, may be inappropriate (and inaccessible) to 
many AAC users, because complex communication needs are often associ-
ated with other motor impairments and reduced manual dexterity. This 
might suggest an interface based on choosing between a number of pos-
sible intonations rather than describing the sound with a gesture. This then 
raises the question of how these different options would be offered. Pho-
neticians' transcriptions (such as Daniel Jones's intonation diagrams) may 
be too esoteric for a general user, and in any case fall well short of being 
able to describe the nuance of everyday speech. We will return to these two 
options later on in the thesis though. 
20 years ago, Professor Alan Newell, a pioneer of AAC research in the 
School of Computing at the University of Dundee for over 25 years, advo-
cated a "paradigm shift" in thinking about AAC––a shift that has yet to take 
place. (Newell 1992) 
In my dream, however, these systems are very, very versatile and, more importantly, 
they are personalizable and programmed by the user and/or their therapists or car-
egiver. (Newell 1992, 81) 
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Making systems which are very complex and versatile but, at the same time, easy to 
use and personalized is one of the challenges for the designers of the next generation 
of AAC devices. (Newell 1992: 81) 
The challenge of researchers is to provide systems which, although complex within 
themselves, are easy to use and to personalize for a particular user. The challenge for 
the service providing therapists and/or carers is to have the imagination and to make 
time to perform this personalisation. (Newell 1992, 84) 
 
 
1.2    
a designer's role in augmentative communication 
 
Alan Newell, when seeking to make a distinction to his own discipline of 
Human-Computer Interaction, has referred to interaction design as 'creative 
design'. (Newell 2011) 
I believe that in this field [AAC] there is a tension between creativity and the scien-
tific method, and I know which one I hope will win. (Newell 1992, 87) 
This research is therefore a response. I have uncovered only one other 
PhD in the 20 years since this hope was expressed, that of Christopher 
Newell (no relation to Alan Newell––although the latter was External 
Examiner for that thesis), of which this might also be said in that it brought 
deep experience of theatrical creative practice to bear on other qualities of 
voice in AAC. (Newell 2009) 
 
visualisation, simplicity and iconoclasm 
Among the values that a designer might usefully bring to augmentative 
communication, three in particular seem to have potential:  
visualisation in its broadest sense, but most importantly embodiment––of 
making the invisible and intangible visible and tangible––could open up 
discussion beyond experts and their expert language;  
simplicity, that is the conviction that simplicity might be valued enough as 
to be balanced against the obvious complexity of communication, could 
play a role in exploring more expressive interactions that are still approach-
able; 
iconoclasm and the will to contradict dominant orthodox approaches might 
open up interesting alternatives––if only to provoke new discussions (but 
perhaps more than this). 
 
For a deeper breakdown 
of visualisation, see 2.2.2 
embodiment and 2.2.8 
data visualisation. 
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a role for interaction design in thinking and talking about tone of voice 
It is recognised that current TTS affords very impoverished tone of voice, 
and that this can have profound consequences for people relying on VOCAs 
to communicate––a lack of range of tone of voice can give the false impres-
sion that they are not just speech impaired, but emotionally impaired; an 
inappropriate tone of voice that they are socially inept. 
Perhaps surprisingly, given these implications, expressive tone of voice 
does not appear to be a particularly hot topic of conversation within AAC 
practice or research. This must be partly due to the expectations that tech-
nology providers have set, that emotional speech synthesis is well on its 
way. But it also reflects the fact that tone of voice, in all its subtlety, is not 
an easy quality to talk about––even within the discipline of phonetics. 
Consider this from Anthony Fox's specialist text Prosodic features and prosodic 
structure: the phonology of suprasegmentals, at the start of a chapter on intonation:  
Intonation has traditionally been regarded as a problem. Scholars have frequently 
drawn attention to the difficulties and uncertainties surrounding its analysis, its sys-
tematic description, and its incorporation into linguistic models and theories. These 
difficulties have doubtless contributed to its relative neglect; it is often treated as an 
optional element, which may be effectively disregarded, or at best assigned to the 
periphery of the subject. (Fox 2000, 269)  
Whether disentangling the technology from the user interface, or em-
bodying or visualising esoteric ideas in order to make them approachable, 
interaction design can help. This research concerns itself primarily with 
models that help people to conceive of tone of voice in the first place––to 
engage with, think about and discuss tone of voice. This activity is distinct 
from directly designing AAC devices, but undertaken in the knowledge that 
such mental models might valuably underpin intuitive user interfaces of the 
future. 
 
 
1.3    
aims and objectives 
 
primary aims and objectives 
• to explore the notion of tone of voice from a interdisciplinary per-
spective, mediated by the discipline of design 
• to use design to help to engage the field of AAC in a deeper discus-
sion about tone of voice in augmentative communication 
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• to explore new interactions with tone of voice and to suggest new 
user interfaces for expressive communication devices 
• in doing so, to challenge an orthodox approach to speech technol-
ogy, identified and expanded upon below: 
 
challenging the orthodoxy of speech technology 
This research seeks to challenge two currently dominant perspectives: one 
describing the state of the art in speech technology, the other anticipating 
its future––but in doing so, certainly influencing, perhaps even constrain-
ing this future. Each is expressed through an apparently neutral and in-
nocuous term, which nonetheless (I will argue) dangerously limits the 
imagination brought to bear on this challenging area. 
 
challenging Text-To-Speech 
The first term is Text-To-Speech (TTS), which these days is used synony-
mously with speech synthesis (although as described already, speech syn-
thesis has not always been restricted to text-driven technologies, and may 
not be again in the future). Whilst TTS describes the technology inside 
most existing speech generating devices, it needn't dictate the user inter-
face, whereas at the moment it does. The person often only has recourse to 
basic punctuation to change the intonation: an exclamation mark for a 
louder volume; a question mark for a rising intonation. 
This is obviously impoverished when compared with the range of tone 
of voice that most of us deploy every day. The fact that tone of voice can 
sometimes be communicated in writing, as in a passage of dialogue in a 
novel (for example '"yes?" he said petulantly') can obscure just how differ-
ent writing and speaking are. The text which is the starting point for TTS is 
merely the words (to be) spoken, and so is more akin to a legal courtroom 
transcription of a witness's statement in which any record of the tone of 
voice is deliberately absent––perhaps a new term such as Quotation-To-Speech 
would better describe the current technology than does Text-To-Speech. 
Many of the perspectives come from the priorities of an industry (the 
speech technology industry) that is not designing for AAC or even for per-
son-to-person communication. Shannon Hennig, a speech technology 
researcher with a special interest in AAC at IIT (Istituto Italiano di Tecnolo-
gia) in Italy, has reported conversations amongst the most influential de-
velopers along the lines of "who needs emotional railway announcements 
anyway?"––by which it was questioned why emotional speech, or tone of 
1.3 aims and objectives    28 
 
voice, should be at all important in speech synthesis. (Shannon Hennig, 
personal correspondence, 2 May 2011) 
Jeff Higginbotham also considers that "the AAC manufacturing com-
munity must rely on commercial speech synthesis manufacturers." (Hig-
ginbotham 2010, 63) Where disabled people are considered it is more 
likely to be visually impaired people: "In currently available systems, 
prosody is lightly modulated, satisfactory for polite voice response systems, 
and serviceable for listening to longer texts (emails, papers, books)". (Hig-
ginbotham 2010, 61) 
challenging emotional speech 
The second term is emotional speech synthesis, which is used synony-
mously with affective speech synthesis. A lot of speech technology research 
continues to pursue the goals of synthesising the so-called 'big four emo-
tions'––happiness, sadness, anger and fear––and then interpolating any 
other tone of voice between these extremes. (Murray and Arnott 1995) 
This has become influential in AAC, where prevalent expectations are that 
different tones of voice will be represented by facial expressions, or even 
directly controlled by biosensors detecting the emotional state of the non-
speaking person. Leaving aside the ethics of exposing the inner emotions of 
people without speech, for all to see (when so much of social etiquette is 
about masking or even feigning our emotions), the contentious point here 
is whether tone of voice really is all about emotions, or whether the word 
emotional is being used for a much broader range of expressive qualities––
perhaps a long-winded Happy-Sad-Angry-Afraid Speech Synthesis better reflects the 
current perspective than does the term emotional speech synthesis. 
Here are two quotations from AAC users concerning, in their words, 
'emotion' or 'intonation in an emotional context/tone of voice'. Dan Kep-
linger is an artist who has cerebral palsy, who was the subject of a film by 
Susan Hadary and William Whiteford, University of Maryland (that won an 
Academy Award in 1999 in the Documentary Short Subject category). 
Colin Portnuff we have already heard from. 
There is no way in hell a computer voice can express the emotion I have inside me. 
(Dan Keplinger, in Whiteford 2000, cited in Higginbotham 2010, 62) 
The challenges here come when there is strong emotional context to the conversa-
tion... I have gotten into hot water a few times saying something that I might have 
gotten away with by moderating my tone of voice. (Portnuff 2006, 5) 
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The former dominates thinking about expressive speech synthesis, at the 
expense of the latter. Whereas the latter is more subtle but no less pro-
found––and is the focus of this research. 
The author asked exhibiting AAC manufacturers at ISAAC 2006 what 
their expectations were for more expressive communication aids in the 
future, beyond the current limitations of punctuation in TTS. Most antici-
pate speech synthesis with additional emotional markup––happiness, sad-
ness and other interpolated emotions. (Murray and Arnott 1995) When 
asked how this might be controlled, several manufacturers predicted that 
biosensors could diagnose the emotional state of an AAC user, based on 
heart-rate and other measurements, and automatically trigger the corres-
ponding tone of voice. 
A notable exception is the Tango! by Blink Twice. (Ashlock 2006, cited in 
Pullin 2009a) This is a communication aid for children, which supports 
four tones of voice: speaking, yelling, whispering and whining. 
The distinction between automatic sensing of sadness in the emotional 
model and whining with the Tango! is subtle but profound. At times it is not 
clear whether the role of a communication device is to allow its user to 
express herself, or whether to represent her––transparently and maybe even 
on her behalf. Not that the two are irreconcilable opposites of course and 
this mix of the qualitative and quantitative is familiar territory for design-
ers, who could make a valuable contribution. 
 
research questions 
The following more detailed research questions have led to the selection of 
particular research methods: 
Q1.  What alternative perspectives on tone of voice could be beneficial 
within AAC? 
Q1a.  What frameworks for describing and/or controlling tone of voice 
can be found in other fields? 
Q1b.  How can these be made visible and accessible to non-experts? 
The output for these questions is Six Speaking Chairs, with associated pres-
entations and publications. Responses to the Six Speaking Chairs suggested 
further research questions: 
Q2.  How might future user interfaces support the ways people (already) 
think about tone of voice? 
For a discussion of how a 
missing role for design in 
studying speech trans-
cends the design of user 
interfaces, see the naviga-
tional note SKILLS  TO 
SENSIBILITIES. 
 
See 2.2 'research meth-
ods'. 
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Q2a.  Just how heterogeneous are the ways that people (already) use to 
describe tone of voice? 
Q2b.  How might this heterogeneity be supported by a coherent, intui-
tive yet expressive user interface for future AAC devices? 
Q2c.  How might people engage with such a user interface? 
Q2d.  What design principles or guidelines could be distilled from this 
illustration, that might underpin future concepts for controlling nu-
anced tone of voice in AAC? 
This second set of research questions gave rise to Speech Hedge, which il-
lustrated a more complex, yet coherent approach to controlling tone of 
voice. 
 
 
1.4 
the structure of this thesis 
 
introduction to interdisciplinary context 
The main thesis began by introducing the field of augmentative and alter-
native communication (AAC), which concerns people who cannot speak 
and the ways in which their communication and conversation can be sup-
ported. The fields of assistive technology and speech technology are also 
implicated because all three fields overlap in the speech generating devices 
used by many people without speech. 
To recap, this research focuses on tone of voice. In 1.1 a lack of tone of 
voice in communication aids, it has been explained that most communica-
tion aids, being enabled by Text-To-Speech technology that has been de-
veloped for other purposes, afford their users very little expressive freedom. 
'Tone of voice' (a quality that is discussed in depth) is usually limited to 
just three alternatives, based on punctuation. It is explained why this is a 
profound and socially-disabling limitation. 
In 1.2 a designer's role in augmentative communication, the potential 
role for design research has been discussed––in a field where design is 
conspicuous by its absence, and not just in research, also in practice. Design 
is traditionally thought of as a visual discipline, has no recognised role in a 
field that seems non-visual (speech) or technical (assistive technology). 
There are connections with the author's monograph, Design meets disability. 
(Pullin 2009a) 
For a discussion of how 
these research questions 
evolved during the course 
of this research, refer to 
the corresponding naviga-
tional note QUESTIONS TO 
INSTINCTS. 
A brief discussion of how 
this structure evolved––
eventually very conven-
tional but via more radical 
ideas––can be found in 
the corresponding naviga-
tional note SUBVERSION 
TO CONVENTION. 
See Appendix B for an 
overview of Design meets 
disability and the reprints 
for 'expression meets 
information' and 'explor-
ing meets solving'. 
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Under 1.3 aims and objectives, Specific challenges to conventional wis-
dom are identified: challenging the orthodoxy of Text-To-Speech and so-
called emotional speech synthesis. Some more detailed research questions 
are listed. 
 
methodology and methods 
Under 2.1 methodological perspectives and influences, the overall meth-
odology is contextualised in terms of an existing model: the Interaction Design 
Research Triangle of design practice, design studies and design exploration. 
(Fallman 2008) Reference is also made to critical design (Dunne and Raby 
2001) and to methodological bricolage. (Yee 2010)  
Under 2.2 research methods, a diversity of recognised research methods 
are described that have been brought to bear on individual research ques-
tions. The author also identifies a practice of curating and/or creating 'de-
sign collections'. (Pullin 2010b) 
 
two original research projects 
The first phase, 3.1 curating the Six Speaking Chairs, starts with an interdis-
ciplinary exploration of 3.1.1 alternative models of tone of voice, involv-
ing academic fields such as phonetics and sociolinguistics as well as creative 
practices such as scriptwriting and musical performance. This is followed 
by a collaboration with Andrew Cook. 3.1.2 Six Speaking Chairs is a collec-
tion of six artefacts, each of which embodies a different mental model of 
tone of voice, making it accessible and discussable by a lay audience. The 
rationale and details of the collection are explained, as are the methods of 
its dissemination. Some of the chairs involve selecting between different 
choices of tone of voice, whilst others afford 'physical' manipulation of 
speech qualities. The distinction between these two approaches is discussed 
in 3.1.3 on 'real-time' and 'pre-packaged', as is its significance in determin-
ing the subsequent direction of the author's individual research. Also sig-
nificant in the evolution of the research was 3.1.4 17 ways to say yes, an 
exercise that involved collecting data from audiences that had been exposed 
to the chairs. 
The second phase, 3.2 designing for people without speech, began with 
an exercise in descriptive research (a term that is introduced in the section 
on research methods). Analysis of the audience responses, under 3.2.1 257 
ways to say yes, was influential in informing and inspiring the next pro-
ject: 3.2.2 Speech Hedge, created with Ryan McLeod as research assistant, is 
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a visualisation of how tone of voice might be made available to a user of an 
otherwise conventional communication aid. This explores the important 
issue of how laypeople (as opposed to speech technologists) might be 
offered control of subtle and nuanced tone of voice––even to 3.2.3 a mil-
lion ways to say yes. It also embraces the findings from the '17 ways to say 
yes' exercise: that different people think about tone of voice in different 
ways. This concept was exposed to AAC audiences to give a sense of how 
engaging and intuitive it might be. Their responses are broadly examined 
and discussed. 
A discussion, 3.2.4 on performance and preparation, explores how the 
conflicting wishes for expressiveness and responsiveness might be recon-
ciled. This leads on to a set of AAC 3.2.5 design principles distilled from 
Speech Hedge, such that the design of alternative user interfaces, with different 
visual languages, interactions and technologies, might be both informed 
and inspired. These principles explore the possibilities for disabled people 
to customise their own communication devices within a peer support net-
work, issues that relate to current themes in inclusive design in general as 
well as priorities in AAC in particular. 
 
review of process and outcomes 
The thesis concludes with a 4.1 review of process and outcomes, includ-
ing 4.1.2 limitations of this research,  4.1.3 review of outcomes,  4.1.4 on 
rigour in design research and 4.1.5 original contributions to knowledge. 
There follows 4.2 further research including 4.2.1 planned outputs and 
4.2.3 interesting future expeditions. 
The thesis ends with 4.4 concluding remarks. 
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2    
methodology and methods 
 
 
2.1 
methodological perspectives and influences 
This research uses methods deriving from design research and design prac-
tice. That is, it takes a design approach to research in augmentative com-
munication, an interdisciplinary area in which the prevalent approaches 
come from clinical practice, the social sciences and/or technology devel-
opment. These approaches will continue to dominate, so the first argument 
for adopting a design approach is therefore in order to offer a complemen-
tary perspective, as this may illuminate unseen insights or provoke debate 
about undiscussed issues. Alan Newell, whose own disciplinary perspective 
is Human-Computer Interaction (a field that might be said to draw on 
technology development, social sciences and, applied to AAC, clinical prac-
tice), describes design in sense meant here––art school design, including 
interaction design––as 'creative design': 
I believe that in this field [AAC] there is a tension between creativity and the scien-
tific method, and I know which one I hope will win. (Newell 1992, 87) 
This research is therefore a response to this hope. I have uncovered only 
one other PhD in the 20 years since this hope was expressed, that of Chris-
topher Newell (no relation to Alan Newell––although the latter was Exter-
nal Examiner for this thesis) that might be said to have also responded to it, 
in that it brought deep experience of theatrical creative practice to bear on 
other qualities of voice in AAC. (Newell 2009) 
Within design research as a whole, there are three perspectives that have 
been particularly influential: 
in reconciling different design research activities––those of design ex-
ploration, design practice and design studies––Daniel Fallman's Interaction 
Design Research Triangle is the contextual model adopted in this thesis; 
in defining design as a way to ask questions rather than directly provide 
solutions, Anthony Dunne's definition of critical design is an important 
reference––albeit a term with other less appropriate associations; 
in recognising that design research often employs a mix of methods bor-
rowed from different research traditions, whilst this very heterogeneity is 
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itself a characteristic of an emerging design research culture, Joyce Yee's 
concept of methodological bricolage is useful––not to say reassuring. 
  
 
2.1.1 
design exploration 
 
contextualising within (any) design research 
This research concerns speech, and design research is a means to an end 
(rather than its prime purpose being to advance design research, with 
speech merely being an illustration of where it might be applied). How-
ever, it feels important to contextualise its methods within design research 
as a whole––and attempt to make a modest contribution to this field. 
Design research is a relatively immature research field, the definitions 
and boundaries of which are evolving. And there is not only controversy 
around what constitutes substantive research versus reflective practice, but 
also about the ways in which design research fundamentally differs from 
more traditional research in either the sciences or humanities. (Findeli 
1999, cited in Saikaly 2006) There is even controversy—and an evident 
weariness (Findeli 2008)—around the very effort that still goes into dis-
secting, justifying or excusing these differences. Perhaps this is just a symp-
tom of the immaturity and associated insecurity of the field, and will pass; 
but perhaps this is not the reason, and design research is different in this 
respect. 
One of the effects of the ambiguity of research in the context of practice, 
is that it seems to go with the territory that each and every design re-
searcher must to a certain extent redefine design research themselves. Ob-
viously this is done in relation to recognised and respected reference 
points, but it is not as if there are a few well-defined alternative models or 
philosophies, as there might be in scientific research, or an orthodoxy to 
adopt or decide to challenge. Things are messier than that. 
It is inevitable that the researcher's own background influences the 
methodology that she or he adopts. Here in DJCAD at the University of 
Dundee the context is broad with research across fine art, craft and design 
in which each researcher establishes their own research practice. With the 
exception of the Natural Design Group––in which 'design' has a somewhat 
different sense to its use in this thesis––there is no design group within 
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DJCAD at the University of Dundee such as Bill Gaver's Interaction Research 
Studio at Goldsmiths with a coherent philosophy or approach. 
 
research into, through and for design 
One influential slice through the diversity of roles for design research is the 
distinction between 'research into design', 'research through design' and 
'research for design' articulated by Christopher Frayling. (Frayling 1993) In 
one relaying of this, "Research into design includes the traditional historical 
and aesthetic studies of art and design. Research through design is project 
based, and includes materials research and development. And finally, re-
search for design is the hardest to characterize, as its purpose is to create 
objects and systems that display the results of the research and prove its 
worth." (Lunenfeld 2003) 
Frayling's categories are a useful mechanism for reflection on design re-
search. This research does not fit comfortably into any single category, 
however. More relevant is a model that recognises the flow between differ-
ent modes of enquiry. 
 
the Interaction Design Research Triangle 
The Interaction Design Research Triangle of design practice, design studies, and 
design exploration was introduced in a paper of the same name by Daniel 
Fallman in 2008. (Fallman 2008) It is Fallman's contention that interaction 
design research in particular is characterised by a flow between these three 
modes of enquiry. Differentiating between design practice and design ex-
ploration: 
The activity area of design practice denotes the kinds of activities that interaction de-
sign researchers are involved in that are very close, and sometimes identical, to the 
kinds of activities they would undertake when practicing interaction design outside 
of academia, such as working for a commercial interaction design organization, a 
consultancy company working with client commissions, or an in-house design de-
partment. (Fallman 2008, 6) 
Design exploration seemingly is similar to design practice. It also is synthetic and 
proactive to its character in that the interaction design researcher is involved in 
bringing forth a product or a service. There are a number of important differences, 
however, that separate it from design practice, primarily due to the perspective from 
which the artifact is being constructed. In design exploration, the most important 
question is: “What if?” As a sign of recognition, design exploration research almost 
always excels in what Schön calls “problem-setting,” and Ehn refers to as “trans-
cendence” (i.e., exploring possibilities outside of current paradigms—whether these 
are paradigm of style, use, technology, or economical boundaries). (Fallman 2008, 
7, referencing Schön 1992, 3–14 and Ehn 1998) 
See navigational note, 
PRACTICE TO RESEARCH, 
for a discussion of how, 
joining academia mid-
career, I admit to taking 
an interest in a model that 
integrates practice and 
research, rather than 
defines research in con-
trast to practice. 
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a loop between design exploration and design studies 
Fallman describes the way that at Umeå, the Interaction Design Research Triangle 
has proved useful for mapping different research processes and projects. 
(Fallman 2008) In addition to plotting individual activities as either design 
practice, design studies or design exploration, as points or areas, he identi-
fies trajectories, loops and dimensions. 
Loops, as the name suggests, are trajectories without either starting or end points 
that move in between different activity areas. ... loops are crucial in that they repre-
sent what sets interaction design research apart from other research: the ability to 
move freely between design practice, design exploration, and design studies. (Fall-
man 2008, 11) 
On this project, Six Speaking Chairs represent not an isolated instance of de-
sign exploration, but a loop between design studies and design exploration: 
the activity of researching different models of tone of voice from different 
disciplines, an academic exercise, overlapped with and was inseparable 
from conceiving and editing the collection of chairs. 
 
adoption of Fallman by others 
The paper is 6th most downloaded article from Design Issues, with around 
800 downloads, in a list including papers from 2006 to 2012. (MIT Press 
2012) This suggests that it is having an influence elsewhere, not just at 
Umeå. 
Other researchers have appropriated the triangle, appropriation being a 
good sign of deep influence. Joyce Yee mapped six practice-based design 
PhDs onto the triangle. (Yee 2010, 4–5) Ramia Mazé's "inquiry into issues 
of time in interaction design" (Mazé 2007) appears at the very centre of the 
triangle (labelled No.5) because it involved a rhythm of historical, practi-
Figure 9 
Daniel Fallman's Interac-
tion Design Research 
Triangle (Fallman 2008) 
See 2.1.3 methodological 
bricolage for more on 
Yee's methodological 
research. 
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cal, and critical viewpoints, all underpinned by practice-based projects. 
Whereas Anthony Dunne's pioneering of a critical design methodology 
(Dunne 1997) is positioned towards the extreme of design exploration 
(and labelled No.1). 
 
 
Plotting each as a point on the triangle is not strictly in line with Fall-
man's own scheme that most PhD projects take "the form of loops in be-
tween at least two of the activity areas" (Fallman 2008, 11) but Yee's pur-
poses are different: by mapping the centres of gravity of six PhDs, some-
thing is revealed of their spread. 
 
 
2.1.2 
critical design 
Anthony Dunne and Fiona Raby introduced the term 'critical design', argu-
ing a role for design beyond the marketplace. They advocate the creation of 
objects, and their presentation through film or exhibition, as a commentary 
or critique on technology's role in society––and within consumer culture in 
particular. 
... design that asks carefully crafted questions and makes us think, is just as difficult 
and just as important as design that solves problems or finds answers. (Dunne and 
Raby 2001, 58) 
At a detailed level, Dunne and Raby's Placebo project (Dunne and Raby 
2001, 75) is still a good precedent of how design exploration is used in 
this research. They made eight prototype objects to be adopted by volun-
teers, in order to elicit conversations about their attitudes to the invisible 
electromagnetic fields that surround us. What Six Speaking Chairs has in com-
Figure 10 
Yee's plotting of six 
design PhDs onto Fall-
man's Triangle (Yee 
2010, redrawn by 
author) 
Another influential aspect 
of Placebo, that of creat-
ing a collection, rather 
than a single concept, will 
be discussed in 2.2.2 
design collections. 
For a discussion of the 
appropriateness or other-
wise of the term critical 
design to this research, 
see the navigational note 
POINTED TO OPEN-
ENDED. 
For a development of 
Fallman's Interaction Design 
Research Triangle, see the 
navigational note 
EXPLORING TO TRADING. 
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mon with Placebo is that designed objects are rendering something intan-
gible, tangible. In Placebo this is about giving invisible electromagnetic radi-
ation a physical form; in Six Speaking Chairs it is about making often esoteric 
academic mental models accessible to laypeople. In both cases reflection 
and discussion are supported. 
 
applied versus fundamental design research 
Other researchers have considered the distinction between asking questions 
and solving problems in different terms: Anne Marchand and Stuart Walker 
(who also cite Dunne) discuss a distinction between 'applied research' and 
'fundamental research'. Writing about the 'exploratory objects' that might 
illustrate 'fundamental research': 
These conceptual designs contribute to the generation of knowledge by providing an 
object of reflection and communication in the perspective of theory building. Al-
though these concepts could be viable..., their main contribution lies in the identifi-
cation and exploration of issues. They do not represent finished solutions, nor 
should they be understood as typical functional products, but as ‘conceptual objects’ 
that reflect on directions for more sustainable, meaningful material cultures. In the 
research process, they serve as catalysts [author's italics] for advancing theoretical ideas 
and for the presentation of these artefacts for consideration and debate about issues 
that go beyond their material manifestation as ‘response’. (Marchand and Walker 
2009) 
It would be possible to categorise the first design project in this research, 
Six Speaking Chairs, as 'fundamental research', whereas the second, Speech Hedge, 
as 'applied research'. But I think the distinction is too heavy-handed in this 
case. Whilst there is a movement from exploring the mental models that 
might underpin future user interfaces towards more literal interactions, 
Figure 11 
Electro-draft Excluder from 
Dunne and Raby's Placebo 
project (Dunne and Raby 
2001) 
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each project is both exploratory and yet applied. Six Speaking Chairs was itself 
provoked by a very particular application, AAC devices, and its intent is to 
influence this specific application in return. In this way it is uncharacteristi-
cally 'applied' when compared with other 'fundamental' research, such as 
the case that is being described above, which is concerned with "the ma-
terial culture of sustainability". (Marchand and Walker 2009) The intent of 
Six Speaking Chairs is indeed to catalyse debate, yet in order to inspire future 
design responses—and not necessarily via theoretical ideas. 
And perhaps this division is especially artificial in the realm of interac-
tion design, in which design is always underpinned by mental models, 
specific details connected to more abstract ideas. This is most graphically 
mapped out in Bill Verplank's matrix of motivations, meanings, modes and 
mappings from his seminal Interaction Design Sketchbook. (Verplank 2001, 11; 
Moggridge 2006) 
 
 
 
 
 
2.1.3 
methodological bricolage 
This research has involved a progression from one mode of enquiry to 
another, and at first did not seem part of any clearly established tradition. 
The methods originate not only in different fields, but from within very 
different research cultures, each of which has its own description of what 
constitutes research in the first place. So the overall programme might feel 
more like an assemblage of different research methods, rather than a sin-
gle––even if heterogeneous––methodology. It might also seem therefore 
that it does not fit into any particular research tradition. 
Joyce Yee's research examines emerging methodologies within design 
research. She has collectively analysed a number of design research PhDs. 
Figure 12 
Bill Verplank's framework 
of motivations, meanings, 
modes and mappings 
(Verplank 2001) 
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These include theses that have already proved influential, such as Anthony 
Dunne's (Dunne 1997) which was rewritten as Hertzian Tales, originally 
published by Computer Related Design at the RCA in 1999 and later re-
issued by The MIT Press. (Dunne 2006) 
Yee has identified that the appropriation of a diversity of approaches is 
not an anomaly or even a weakness of design research, but often a defining 
characteristic. Appropriation is appropriate. She has coined the term 'brico-
lage' (Yee and Bremner 2011), quoting Joe Kincheloe's description of bri-
colage as a method that “does not simply tolerate difference but cultivates it 
as a spark to researcher creativity... Sensitive to complexity, bricoleurs use 
multiple methods to uncover new insights, expand and modify old princi-
ples, and re-examine accepted interpretations in unanticipated contexts”. 
(Kincheloe 2001, 683) 
Yee examines six case studies––or case examples, as she is careful to 
make the distinction––PhDs by Anthony Dunne, Catherine Dixon, Daria 
Loi, Joe Eastwood, Ramia Mazé and Bas Raijmakers. (Yee 2010) One that 
may be particularly relevant to my research, in that it involves a number of 
different practice-based projects, is Ramia Mazé's Occupying time: design, technol-
ogy, and the form of interaction. (Mazé 2007) Her methodology is described––by 
Yee, who verifies this mapping with Mazé herself––as a 3 x 3 matrix of 
three practice-based projects, each explored from historical, practical and 
critical viewpoints. This research shares something with Mazé's, in its two 
design projects each combining different methods, whilst also exhibiting 
an appropriate uniqueness typically identified by Yee. 
 
defining rigour in such heterogeneous research 
Returning to Daniel Fallman, who together with Erik Stolterman (Fallman 
and Stolterman 2010) discuss the notion of rigour and relevance in design 
research. Their contention is that notions are often inappropriately applied 
from other academic traditions.  
Disciplinary anxiety can be experienced in a field when heterogeneous ways of doing 
research lead to diverse assumptions about what constitutes legitimate research. We 
find this to be the case in interaction design research today, where notions of legiti-
macy are being thrown around without being paid enough attention. Often, these 
notions tend implicitly or explicitly to be on loan from other disciplines, such as 
human–computer interaction (HCI), product design, computer science, cognitive 
science and anthropology. (Fallman and Stolterman 2010, 265–266) 
Referring back to the Interaction Design Research Triangle, they argue that rig-
our and relevance mean different things and should be established in dif-
See navigational note, 
HCI TO DESIGN, for a 
discussion of how the 
concept of bricolage has 
become even more im-
portant since this research 
was reframed within a 
design research tradition. 
See navigational note HCI 
TO DESIGN for more 
detail on Mazé's matrix of 
methods and its relation 
to this research. 
Rigour will also be re-
viewed in the conclu-
sions, under 4.1.3 on 
rigour in design research. 
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ferent ways, within the three forms of research activity (i.e. design practice, 
design studies and design exploration). In the case of design exploration: 
In establishing rigour in design exploration, an important criterion is to what extent 
the design researcher is able to continue to ‘problem set’ rather than ‘problem solve’. 
The process of design exploration should open up a critical and creative approach 
that challenges mainstream assumptions in design, such as the consumer perspective, 
technology as tools and usability. This means that rigour can only be measured in re-
lation to how well the approach does open up a design space and less how that is 
done. Another important aspect of rigour in design exploration is the availability of 
the research. Are the results presented in such a way that, first, people are able to ex-
perience them in the way intended, such as in exhibitions, museums, galleries and 
on-line shows. Second, are the results presented or shown in such a way that they 
are possible to critique? (Fallman and Stolterman 2010, 270–271) 
This is relevant to the Six Speaking Chairs project in particular. 
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2.2 
research methods 
 
assembled and appropriated methods 
The research questions are diverse, and correspondingly so are the tech-
niques that have been employed to address them. Some of the questions 
imply research into existing knowledge; others concern how the situation 
might change, and draw on design exploration; others still ask how people 
might engage with these changes, implying some form of feedback from 
other people. 
Methods include interdisciplinary literature review, embodiment, design 
collections, reflective practice, experience prototyping, descriptive research, 
data visual analysis, distilling principles and data visualisation. Many of 
these have been modified to suit the requirements, resources and spirit of 
this project. There follows a brief introduction to each. 
 
a hierarchy of methods 
There is a hierarchy amongst these assembled methods: 
some are key methods that are fundamental to this research and have 
been engaged with deeply––interdisciplinary literature review, embodi-
ment and design collections;  
further methods are inherent, although might have been more rigour-
ously applied––reflective practice, experience prototyping and descriptive 
research and distilling principles; 
others still have been involved, although could have been taken much 
further––including data visualisation. 
 
 
2.2.1 
interdisciplinary literature review 
In answer to the research question: 
Q1a.  What other frameworks for describing and/or controlling tone of 
voice can be found in other fields, beyond punctuation and emotions? 
A literature review has drawn from a diversity of fields, including pho-
netics, certain branches of linguistics and philosophy, the study of emo-
tions themselves and theatrical practice. This is beyond the initial contex-
tualisation in AAC and speech technology. 
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Given this breadth, no claims are being made to have carried out any-
thing like a comprehensive literature search in any of the fields mentioned. 
It would not be realistic to be as deeply informed about such a diversity of 
fields as about interaction design or AAC. Neither was this even the inten-
tion. Because design practice requires time to do well, this inevitably con-
strained the resources available for a literature review, which was com-
pressed within the first months of the project (rather than a first year, 
which might be expected in a traditional PhD study), even if it continued 
concurrent with the design practice and even the writing up. 
To mitigate this, in addition to reading papers and following references 
and citations, and searching, online and in the library, there has been cor-
respondence with experts in diverse disciplines, including for example 
participation in BAAP (British Association of Academic Phoneticians) 2006. 
  
2.2.2 
embodiment 
In order to address the research question: 
Q1b.  How can these be made visible and accessible to non-experts? 
Pullin and Cook conceived and built Six Speaking Chairs. This is a collection 
of designed objects––to be described in more detail later, and the signifi-
cance of a collection to be explained in the next section––that embody the 
different ways of thinking about tone of voice that were uncovered in the 
interdisciplinary literature review. 
In Designing for the 21st Century: interdisciplinary methods and findings, Professor 
Tom Inns identifies the role of visualising complex issues as a valuable 
contribution for a design researcher to make within interdisciplinary re-
search. (Inns 2010)  
'Embodiment' is used in this thesis to mean usign visualisation to repre-
sent an issue (when problem setting) or a concept (when presenting analy-
sis or insights). Such issues or concepts may have already been expressed in 
written or spoken form, but can be made more accessible and engaging by 
being given presence and tangibility in two- or three-dimensional form. 
Embodiment runs through this entire research: collectively, the Six Speaking 
Chairs embody the diversity of existing models of tone of voice; individu-
ally, several represent an esoteric model, locked away in specialist nomen-
clature; or invite deeper reflection such as Chair No. 6 that makes visible 17 
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ways to say yes; the four perspectives on tone of voice that emerged from the exercise 
17 ways to say yes are embodied in a diagram; at the heart of Speech Hedge is a 
embodiment of nuanced tone of voice as a plant composed of elemental 
leaves; and Speech Hedge is also an embodiment of a user interface in which 
these plants are assembled into collections––visualised as 'hedges'––and 
exchanged in a creative social network. 
 
visualisation through embodiment 
The first of these connotations of visualisation are inherent in much of the 
design exploration and critical design already discussed.  
We will refer to this form of visualistion, making complex or esoteric is-
sues visible by giving them a tangible two- or three-dimensional presence 
'embodiment'. 
This is to differentiate this activity with the last instance of visualisation: 
in which the results of people's engagement with Speech Hedge, the million ways 
to say yes exercise are visualised collectively and interrogated visually. This 
form of visualisation will be refered to as 'data visualisation'. 
 
 
2.2.3 
design collections 
 
defining a design collection 
Reflecting on Six Speaking Chairs in the context of past projects such as Social 
Mobiles at IDEO and the undergraduate module Museum of Lost Interactions, il-
luminated that the notion of collections ran through this spectrum of prac-
tice, research and teaching, and was fundamental to it. 
 
 
 
This realisation came when writing a 'statement of practice' for the aca-
demic journal Design and Culture, published as 'Curating and creating design 
collections, from Social Mobiles to the Museum of Lost Interactions and Six 
Speaking Chairs' (Pullin 2010b): 
The term 'design collection' is used in this paper to mean a number of artifacts 
brought together and considered collectively. The word collection alludes to the 
Figure 13 
Social Mobiles by IDEO 
and Crispin Jones 
See 2.2.8 data visualisa-
tion. 
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seasonal collections of haute couture and also to museum collections, respectively 
created and curated. But here it includes collections of objects created independently 
by several designers (unlike fashion collections), but nonetheless conceived as an en-
tity at the time of creation (unlike museum collections).  
The author describes several different design collections found in his own prac-
tice, scholarship, teaching and research. Projects such as Social Mobiles, Design meets dis-
ability, the Museum of Lost Interactions and Six Speaking Chairs, are introduced in the context 
of collections by Hussein Chalayan, Dunne & Raby, the Royal National Institute for 
Deaf people and the Museum of Jurassic Technology. 
The differing purposes of these design collections are identified, as are the various 
roles played by the author. Whether editing, nurturing or authoring a collection, 
each role involves balancing creation and curation. 
Collections can illuminate themes and imply a landscape of alternatives that trans-
cend any individual piece. Collections can thereby play a valuable role in design 
practice, education and research, and in relating design research to research in other 
fields. (Pullin 2010b) 
The paper starts by re-introducting critical design, but goes on to a more 
specific critique of Dunne and Raby's work. I have been inspired not only 
by Dunne and Raby’s approach, but by one of their projects in particular. 
Although it followed the iconic Faraday Chair (1997), their Placebo project 
(2001) was influential in the way that it employed a number of different 
objects. Eight prototype objects were made and adopted by volunteers in 
order to elicit conversations about their attitudes to the invisible electro-
magnetic fields that surround us.  
 
 
 
Jean Baudrillard identifies 'The Unique Object' in any collection that is 
the "emblem of the series" and somehow sums up all the others. (Baudril-
See reprints for 'Curating 
and creating design 
collections...', written 
concurrently with this 
research. 
Figure 14 
6 out of 8 objects from 
Dunne and Raby's Placebo 
collection (Dunne and 
Raby 2001) 
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lard 1968, 98) In the Placebo project, the Unique Object would be the Electro-
draft Excluder, a portable screen, reminiscent of a fireguard but with a bright 
pink surface of geometric projections made of sound-absorbing material. It 
appeared on the cover of Design Noir, the book that introduced critical design 
to the public. (Dunne and Raby 2001) The Electro-draft Excluder was an ap-
propriate choice, not only for its striking and memorable form, but because 
it is a placebo––it doesn't actually protect from radiation. 
Had it been the only object however, the project might have focused on 
protection from unwanted radiation. Certainly Lauren and Jan, the volun-
teers who adopted the Electro-draft Excluder, assigned it this function. But it 
was part of a larger group of objects authored by Dunne and Raby and the 
others triggered reflection on what it means to be lost in an era of satellite 
positioning, on privacy amidst ubiquitous telecommunications and on the 
life of electronic objects. Through their engaging individual details––from 
the vibrating back of the Nipple Chair to the array of 25 magnetic compasses 
in the Compass Table––the eight objects that constituted Placebo, together op-
ened up a wider discussion. Subsequent Dunne and Raby collections in-
clude Designs for fragile personalities in anxious times (2004/5) and Do you want to 
replace the existing normal? (2007/8). This multi-faceted approach is crucial to 
Dunne and Raby's intent to elicit diverse stories and divergent thoughts. 
Dunne and Raby themselves mention, in passing, a connection, but at 
the same time a distinction, between critical design and haute couture. 
(Dunne and Raby 2001) Here the connection is stronger and it is from 
couture that the term 'collection' first comes (although other connotations 
of collections will be added later). In many design processes, a number of 
alternative design concepts may evolve from slightly different priorities. 
Then, in product design for example, a single preferred design is chosen; 
having served their purpose, the others are abandoned. In a fashion collec-
tion however, many outfits can communicate a coherent vision collectively. 
The collection has a presence that transcends any individual piece. (Raw-
sthorn 1996) 
A memorable example of a couture collection is Hussein Chalayan's 
Spring/Summer 2007 One hundred and eleven collection. Once again, the collec-
tion has an obvious icon. The very final piece, the finale, is a (well-cut) 
dress that uses robotic technology to spontaneously fold up and ultimately 
withdraw into a hat, leaving its model otherwise naked. But this technology 
has already been subtly and progressively introduced throughout the collec-
tion, and always to explore aesthetic, not just sensationalist, effects. In this 
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way the collection as a whole implies a landscape of other possibilities. As 
always with Chalayan, these possibilities are as much metaphorical as lit-
eral, as likely to inspire nanotechnology or architecture as future clothing. 
(Antonelli 2008, 25) 
So the method of design collections is used here to mean the creation of 
a number of designs, intended to be considered together, and judged col-
lectively. The paper ends: 
The term design collection obviously already exists, and carries associations with 
either fashion houses or museums. In the context of design research, each of these 
allusions is appropriate. The associated acts of creating and curating are both rel-
evant––as is a blurring of the two in the role of a designer researcher.  
There are fundamental differences between a design collection as I have sought to 
define it, and any series of alternative design concepts. While the latter invites us to 
choose, a design collection provokes us to reflect. This form of critical reflection can 
play an invaluable role in design practice, education and research. Perhaps it even 
epitomises design research. (Pullin 2010b) 
 
 
 
 
 
2.2.4 
reflective practice 
 
In order to address the research question: 
Q2b.  How might this heterogeneity be supported by a coherent, intui-
tive yet expressive user interface for future AAC devices? 
Returning to other connotations of visualisation, Speech Hedge is an illustra-
tive design concept, created with Ryan McLeod. Ryan was an MDes student 
at the University of Dundee acting under my direction as research assistant. 
The primary output was a video showing the concept in use. Although 
Buchenau and Fulton Suri extend their notion of experience prototyping to 
include such communication: 
A discussion of the con-
notation of museum 
collections continues, 
later, in the navigational 
note CREATION TO 
CURATION, in relation to 
the first project in this 
research, Six Speaking Chairs. 
Figure 15 
Pullin and Cook's Six 
Speaking Chairs 
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Obviously this can include design prototyping techniques such as storyboards, scen-
arios, sketches, video, or step through Macromedia Director™ simulations, all of 
which certainly add value by communicating elements that make up an experience. 
(Buchenau and Fulton Suri 1999, 424–425) 
Although their paper focuses on techniques that support "active partici-
pation" which is why the Speech Hedge visualisation will not be described as 
an experience prototype here. Rather, it is as much part of a longer tradi-
tion of visualising design concepts for communication with clients and 
users that includes IDEO's innovation methodology of "Understand, Ob-
serve, Visualize, Evaluate and refine, Implement." (Kelley and Littman 
2001) 
The active participation came in the audience responses to the million ways 
to say yes exercise that followed presentation of the Speech Hedge concept. 
Speech Hedge and Six Speaking Chairs before it were both examples of reflec-
tive practice. Because neither was an attempt to directly solve a problem 
and to result in implementation, their design involved regularly returning 
to the role that each should play and reflecting critically on all design deci-
sions taken in the light of these roles. 
Donald Schön writes of 'designing as reflective conversation with the 
materials of a design situation' (Schön 1992), a perspective that "should be 
contrasted with the familiar image of designing as 'search within a problem 
space'." (Schön 1992, 144) In an architectural context, his notion of ma-
terials includes material objects such as wooden trusses, steel girders and 
reinforced concrete beams. In this research, in the context of interaction 
design and speech synthesis, the designers' materials include not just digital 
technologies, but also the voice itself, with its own material qualities. 
The relationship between Speech Hedge and the following design principles 
is also a manifestation of reflective practice, as discussed by Schön:  
Rules, according to this view [that designing is a reflective conversation with a de-
sign situation], are secondary phenomena that are derived from prototypes. The 
prototype is prior to the rule derived from it, just as legal precedents in appelate law 
are prior to the principles of judgement derived from them. (Schön 1992, 144) 
 
 
2.2.5 
experience prototyping 
In addition to visualising the models of tone of voice, the Six Speaking Chairs 
were interactive prototypes. Most of the credit for this working interactivity 
should go to Andrew Cook––whereas the author's concern was mainly with 
See 2.2.7 distilling design 
principles. 
The accompanying 
NAVIGATIONAL NOTES are 
also part of reflective 
practice. 
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the chairs' physical form and role as (static) illustrations and props to seed 
discussion. 
This role relates to the practice of 'experience prototyping' as coined by 
Marion Buchenau and Jane Fulton Suri when both were working at IDEO in 
San Francisco (Buchenau and Fulton Suri 1999), building on projects like 
digital camera User Experience Prototypes for Kodak by Duncan Kerr and 
Mat Hunter. Experience prototyping encompasses the activity of creating 
user interfaces which may not 'work' technically, but communicate the user 
experience. 
By the term "Experience Prototype" we mean to emphasize the experiential aspect of 
whatever representations are needed to successfully (re)live or convey an experience 
with a product, space or system. So, for an operational definition we can say an Ex-
perience Prototype is any kind of representation, in any medium, that is designed to 
understand, explore or communicate what it might be like to engage with the pro-
duct, space or system we are designing. (Buchenau and Fulton Suri 1999, 424–425) 
They go on to argue that "Experience Prototyping is less a set of tech-
niques, than it is an attitude, allowing the designer to think of the design 
problem in terms of designing an integrated experience, rather than one or 
more specific artifacts." (Buchenau and Fulton Suri 1999, 425) 
The author's own work at IDEO in the late 1990s is featured in the pa-
per: a 'controller for an immersive video environment' designed with Tracy 
Currer (interaction design), Fran Samalionis (human factors), Paul South 
(modelmaking) and other colleagues. "Early in the project, the team played 
with a range of everyday objects to explore what different levels of physical 
involvement might feel like... Simply 'playing' with these relatively crude 
props was a powerful method, enabling the designers to unveil the nuances 
and implications of each particular direction." (Buchenau and Fulton Suri 
1999, 425)  
 
 
 
Figure 16 
experience prototyping 
of Spyfish controls––the 
author's sketch proto-
types featured in 'Experi-
ence prototyping' 
(Buchenau and Fulton 
Suri 1999, 425) 
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The props included found objects such as pebbles and skateboards. It is 
no coincidence that found objects also play an important role in Six Speaking 
Chairs. 
The reason the Six Speaking Chairs fit so well into this category is that they 
combine very diverse technologies, many of which are not the technologies 
that would be employed in any eventual speech generating device. So these 
techniques have been chosen in order to flexibly communicate the user 
experience, rather than as a technical demonstrator of the means of imple-
mentation. 
 
 
 
early user testing 
In order to address the research question: 
Q2c.  How might people engage with such a user interface? 
The second project, Speech Hedge, would probably not even qualify as an 
experience prototype, because it wasn't really 'experienced'––it was pri-
marily communicated through a concept video. Nonetheless, a first step 
was taken on the path to early user testing, at least in terms of seeing how 
people might engage with the underlying principle. 
Figure 17 
Cook's system diagram 
for redefining the pitch 
and timing of speech 
samples for experience 
prototyping on Six Speak-
ing Chairs (Cook 2013, 
174) 
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Speech Hedge was presented to speech and language therapists and other 
AAC-related users and professionals at ACE North and to AAC users, carers, 
therapists and manufacturers at the Communication Matters conference. 
Respondents were asked to draw on paper their suggestions of how to 
create examples of complex tones of voice (e.g. 'coaxing' and 'sarcastically') 
from 16 elemental tones (e.g. 'warmly', 'emphasising', etc.) 
This relates more closely to the paper prototyping techniques described 
in Microsoft's Principal Researcher Bill Buxton's Sketching the user experience and 
corresponding Workbook. (Buxton 2007; Greenberg, Carpendale, Marquardt, 
and Buxton 2012) But not quite––even the latter's 'Uncovering the initial 
mental model' (Greenberg, Carpendale, Marquardt, and Buxton 2012, 217) 
involves presenting users with a sketch of an interface and seeing if they 
can discern the mental model behind it, rather than presenting the mental 
model in isolation, before contextualising it in even a sketch interface. 
  
 
2.2.6 
descriptive research 
 
17 ways to say yes 
In order to address the research question: 
Q2a.  Just how heterogeneous are the ways that people (already) use to 
describe tone of voice? 
Using the Six Speaking Chairs as an initial engagement, an exercise was car-
ried out with 40 people: AAC users, professionals and researchers at ISAAC 
2008; speech technologists and linguists at Centre for Speech Technology 
Research, CSTR, University of Edinburgh. Individuals were invited to de-
fine 17 tones of voice which they would chose, if they were restricted to 
just 17 for the rest of their lives. Responses were transcribed and collated 
into a list of distinct tones (by combining equivalent descriptions, e.g. 
"apprehension" and "apprehensive"). These were analysed by mapping 
them against different categories of descriptors of tone of voice, including, 
but not restricted to 'emotional'. In support of this, an independent re-
searcher repeated the mapping exercise. 
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qualitative research versus descriptive research 
In a paper on mapping survey responses, Kristin Jackson and William 
Trochim describe a similar exercise as "...one type of qualitative text data—
open-ended survey questions... research questions that are exploratory in 
nature and aimed at scale or interview question development and/or devel-
oping conceptual coding schemes." (Jackson and Trochim 2002, 307) 
(Jackson and Trochim themselves cite: Sproull, Natalie. 1988. Handbook of 
research methods: A guide for practitioners and students in the social sciences (2nd ed.). 
Lanham, MD: Scarecrow Press, not included in references because this text 
has not been accessed directly).  
Within AAC research, a distinction is made not just between 'quantita-
tive' and 'qualitative' research methods, but between 'qualitative' and 'de-
scriptive' research. The distinction between qualitative and descriptive is 
not in terms of quantity—that is it does not hinge on the number of re-
spondents or the statistical significance of the results.  
It has been surprisingly difficult to find authoritative and accessible in-
formation on the subject. Lynn Henrichsen considers four scales in differ-
entiating between qualitative, descriptive and experimental research. (Hen-
richsen et al 1997) He considers the 'general approach', the 'research aim', 
'control over the research environment' and 'explicitness of data collection 
procedures'. 
By 'general approach', he considers the degree to which the research is 
'synthetic (holistic)', considering the whole, or whether 'analytic (constitu-
ent)', focusing on a particular variable or factor. The 'research aim' may be 
'deductive' if testing a hypothesis or 'heuristic' if generating hypotheses, 
although for Henrichsen, all three scales are continua, for example "toward 
the deductive side of the deductive/heuristic continuum." 'Control over the 
research environment' varies from 'low' if the aim is to gather data without 
any manipulation of the (complexity of the) research context to 'high' if the 
researcher attempts to isolate a particular variable. 'Explicitness of data 
collection procedures' may vary from 'low' in which the nature of informa-
tion returned may vary from subject to subject to 'high' in which case cate-
gories are constrained such that numerical data across subjects may be 
generated. 
The three approaches can be defined with reference to these scales. 
(There are some inconsistencies in the way these are described and visu-
alised on a sliding scale by Henrichsen. Because the latter are crude, where 
there is contradiction, I have favoured the text descriptions): 
Just how important the 
distinction between 
qualitative and descriptive 
research is deemed to be 
is discussed in the naviga-
tional note AAC TO 
DESIGN RESEARCH. 
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Qualitative research is (or "tends to be") above all synthetic, attempting 
to address a rich, complex context as a whole. This very complexity 
suggests an open-minded, heuristic starting point, low control of the 
research environment through non-intrusive investigative methods 
and less explicit, more impressionistic and interpretive data collection. 
Descriptive research often focuses on a particular variable or factor. It 
may also be more deductive, in that a hypothesis may be being tested. 
It may involve highly explicit data collection—for example question-
naires—but it stops short of controlling the research environment. 
There may be a mixture of analysing the data across subjects, quanti-
tatively, and in more depth for an individual subject, as a case study. 
Experimental research tends to be analytic. It is deductive and uses ex-
plicit data collection is intended to yield statistically significant data to 
test a specific hypothesis. Because of a high control of the research 
environment, only experimental studies can claim to show any degree 
of causality, whereas qualitative and descriptive research can reveal 
only relationships or processes. 
On these terms, the 17 way to say yes exercise is descriptive research, in 
that the focus on descriptions of tone of voice, among so many other as-
pects of spoken conversation, is clearly 'constituent'. Is it also somewhere in 
the middle of the "deductive/heuristic continuum", being deductive to the 
extent that there is a clear hypothesis—that tone of voice is more multi-
faceted than a purely 'emotional' model would support—whilst at the same 
time heuristic because it is open-minded as to how the complexity of tone 
of voice might be better represented.   
Gina Wisker considers descriptive research in a different landscape, 
alongside 'exploratory research', 'explanatory research', 'predictive research' 
and 'action research'. (Wisker 2008) Her prime consideration is the nature 
of the research question being addressed, of whether this is a 'what?' ques-
tion or a 'why?' question. According to these definitions, exploratory re-
search may combine 'what?' questions, such as 'does X happen?', followed 
by the 'why?' question of 'why does X happen?' Whereas explanatory re-
search focuses on 'why?' questions, specifically cause-and-effect. Predictive 
research and action research are both concerned with what Wisker calls 
'what if?' questions, whether by modelling or affecting change respectively. 
"Descriptive research aims to find out more about a phenomenon and to 
capture it with detailed information". (Wisker 2008, 71) 
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Again, by these definitions, the method is descriptive research. 
 
 
2.2.7 
distilling design principles 
 
In order to address the research question: 
Q2d.  What design principles or guidelines could be distilled from this 
illustration, that might underpin future concepts for controlling nu-
anced tone of voice in AAC? 
This activity began by collating different insights from this research. For 
example, the finding from the Six Speaking Chairs that 40 respondents can 
suggest over 500 tones of voice, when reconciled with the knowledge in 
AAC research that the time taken to generate a response is one of the most 
important factors in conversational effectiveness (Judge 2011), together 
inform the design principle that the 'user interface' might actually be two 
complementary applications––one, used in private (perhaps on a PC) an 
open-ended, creative means of crafting tones of voice; the other, used in 
live conversation (perhaps on a smart phone) a constrained, tactical means 
of responding appropriately. 
 
guidelines or principles? 
When documenting the essence of a design, two terms that are used are 
'guidelines' and 'principles'––but which is appropriate here? 
Design guidelines are an established and valued deliverable in what 
might be termed strategic design consultancy. They are often written after 
an innovative concept has been designed, as an exercise in distilling the 
essence of this exemplar, such that a different (perhaps in-house) design 
team might create compatible additional designs in the future. In this con-
text, guidelines tend to be more prescriptive than design principles, in the 
form of rules (e.g. "leave a margin of at least 50 mm blank at the top of any 
page") rather than values (for example "always instill a feeling of space, of 
having paused for breath"). Guidelines are often about what, rather than 
necessarily why, or at least also the what, not just the why. 
In academic research, the term 'principle' is used in different ways in the 
literature. Shneiderman (1997) differentiates three kinds of guidance for 
designers: high-level theories and models, which offer a framework or 
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language to discuss issues that are application-independent, middle-level 
principles, which are useful in creating and comparing design alternatives, 
and specific and practical guidelines, which provide reminders of rules 
uncovered by designers. For instance, one of his middle-level principles is 
“Use the Eight Golden Rules of Interface Design” which includes eight 
design recommendations (e.g. enable frequent users to use shortcuts). This 
agrees with his statement that “the separation between basic principles and 
more informal guidelines is not a sharp line”. Yet Preece et al. (1994) 
consider principles as a special case of guidelines. For them, there are two 
kinds of guidelines: high level guiding principles and low level detailed 
rules. They consider principles as guidelines that offer high level advice that 
can be applied widely (e.g. know the user population). On the other hand, 
principles and rules are considered to be synonyms by Baecker et al. 
(1995): “collections of statements that advise the designer on how to pro-
ceed (e.g., know the user)”, while guidelines are defined as “collections of 
tests that can be applied to an interface to determine if it is satisfactory (e.g. 
provide an average response time of less than one second)”. 
We take a principle to be some established fact that has a theoretical and empirical 
basis for its acceptance, that can be applied to a prescribed problem area in a well-
defined manner and for which there is some indication of what the result of follow-
ing the principle (or not) will be. At this stage in our research we identified a num-
ber of areas where we believe there is scope for developing a more principled under-
standing of interacting with multimedia and what features a set of principles for 
multimedia design must address. These features are developed further below. (John-
son and Nemetz 1998) 
 
examples of principles 
As an example, a set of design principles was identified by the Global Ag-
enda Council on Design (which included Paola Antonelli, Tim Brown, 
Hilary Cottam, John Maeda, Bruce Nussbaum, Alice Rawsthorn) at the 
World Economic Forum in Dubai. (Brown 2011) These are characterised 
by high level, rather abstract recommendations, such as "Transformational: 
Exceptional problems demand exceptional solutions that may be radical and 
even disruptive." It's not made clear just what 'exceptional', 'radical' or 
'disruptive' mean. These terms demand a high degree of interpretation. 
In the field of HCI, there is a tradition of principles, witness Don Nor-
man's Seven principles for transforming difficult tasks into simple ones (Norman 1988) 
and Ben Shneiderman's Principles for User Interface (UI) design. (Shneiderman 
1997) Jakob Nielsen writes of his own Usability Heuristics that they 
See appendix D for  
more examples of exist-
ing design principles and 
guidelines. 
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are called "heuristics" because they are more in the nature of rules of thumb than 
specific usability guidelines. I originally developed the heuristics for heuristic evalu-
ation in collaboration with Rolf Molich in 1990. I since refined the heuristics based 
on a factor analysis of 249 usability problems to derive a set of heuristics with 
maximum explanatory power, resulting in this revised set of heuristics. (Nielsen 
1994) [http://www.useit.com/papers/heuristic/heuristic_list.html] 
Whilst Nathaniel Borenstein's Ten Commandments of User Interface De-
sign are presumably tongue in cheek in order to be engaging. (Borenstein, 
Nathaniel. 1991. Programming as if people mattered: friendly programs, 
software engineering, and other notable delusions. Princeton: Princeton 
University Press.) 
In disability-related design, The Center for Universal Design (CUD) at 
North Carolina State University's Universal Design (UD) Principles (Connell et al. 
1997) are still refered to and debated. (Preiser and Smith 2009, reviewed 
in Pullin 2012b) 
In developing design principles that could inform and inspire future user 
interfaces to support more nuanced tone of voice in communication by 
people who cannot speak, insights from this research and from other AAC 
and design research are combined. This methodology is more bottom-up 
or empirically-driven than top-down or theory-driven (Ilomäki and Paavola 
2008) because it is informed by detailed observations, instances and prece-
dents, rather than by any single overarching high level model. The design 
principles are heterogeneous and have their bases in authoritative sources 
from a variety of different fields and disciplines. 
 
 
2.2.8 
data visualisation 
Visualisation, in the broadest sense, runs through this entire research. The 
last of these probably comes closest to a more usual meaning of visualisa-
tion in terms of data visualisation and information design. In this context, 
the seminal texts for many interaction designers are the beautiful and 
thoughtful works of Edward Tufte: The visual display of quantitative information, 
Envisioning information and Visual explanations: images and quantities, evidence and narra-
tive. (Tufte 1983; 1990; 1997) According to Tufte, "Often the most effec-
tive way to describe, explore, and summarize a set of numbers––even a 
very large set––is to look at pictures of those numbers." (Tufte 1983, 9) He 
states that graphical displays should: 
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make large data sets coherent; 
encourage the eye to compare different pieces of data; 
reveal the data at several levels of detail, from a broad overview to the fine structure; 
serve a reasonably clear purpose: description, exploration, tabulation, or decoration. 
(Tufte 1983, 13) 
The visualisations of the responses to Speech Hedge in this research share 
this ability for the viewer to change scale. Trends across the entire dataset 
(number of leaves; prevalence of particular leaves; variation) can be per-
ceived at a glance––yet the individual data points that make these up are 
still accessible. In this way the eye can change focus, from the whole cor-
pus, to individual plants and leaves and back again and interrogate the 
contribution of the details to the whole. 
Two specific examples of visualisations from Tufte's books seem most 
relevant to this research, each for different reasons: 
The first is the map of the cholera epidemic in Soho in London in 1854, 
drawn by Dr. John Snow. 
 
 
 
By mapping the locations of deaths from cholera, Snow was able to 
identify the Broad Street (now Broadwick Street) water pump as its source, 
the handle of which was subsequently and famously removed, stemming 
the outbreak. 
Snow's visualisation was not exactly exploratory––he already had devel-
oped a theory of the water-borne spread of cholera to challenge the preva-
lent miasmic theory. But it was at least diagnostic, although subsequently, 
his visualisation was so accessible that even a lay audience can now under-
stand the phenomenon. In this respect the 257 ways to say yes mappings are 
closest in role to Snow's map, as they were created in connection to a hy-
pothesis that tone of voice descriptors were more heterogeneous than a list 
Figure 18 
Dr. John Snow's map of 
deaths from cholera in 
Soho in 1854. See John 
Snow. 1855. On the mode 
of communication of 
cholera. London. (Tufte 
1983, 24) 
2.2.8 data visualisation    58 
 
of emotions. The visualisations of responses to Speech Hedge and the a million 
ways to say yes exercise were far more exploratory however. 
The second example from Tufte is an array of T-shirts in 36 different 
colour combinations: 
 
 
 
Small multiples, whether tabular or pictorial, move to the heart of visual reasoning––
to see, distinguish, choose (even among children's shirts). Their multiplied smallness 
enforces local comparisons within our eyespan, relying on an active eye to select and 
make contrasts rather than on bygone memories of images scattered over pages and 
pages. (Tufte 1990, 33) 
In the same way, the Speech Hedge audience responses can be collated and 
compared.  
 
 
 
There are (at least) three tools that can then be employed in further 
examining the data: 
the colour palette can be altered; 
the plants can be rearranged and clustered; 
the leaves could be rearranged in a more structured way to bring out 
more 'quantitative' information, visually. For example, aligning all the 
leaves of a particular type and reordering them might support a better 
1 2 109876543
11 12 2019181716151413
21 22 3029282726252423
Figure 19 
T-shirts, redrawn from 
Yumi Takahashi and 
Ikuyo Shibukawa. 1985. 
Colour Coordination: 114–
115. Tokyo (Tufte 1990) 
Figure 20 
sample responses to the 
million ways to say yes 
exercise, visualised in the 
style of Speech Hedge 
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understanding of the relative frequencies of different leaves, that even 
tabulated percentages might not. This echoes the work of Otto Neu-
rath's ISOTYPE (International System of TYpographic Picture Educa-
tion) system, which made use of repeated icons or 'picture-signs' to 
make 'amount-picture' rather than using numbers and/or scaled up 
icons, "the old system of making the signs themselves greater or 
smaller." (Neurath 1936, 74) 
 
 
 
A mix of these three approaches was applied to the analysis of responses 
in the section on original research. 
 
 
Figure 21 
Example of Isotype chart, 
showing use of multiples 
(Florence 1944, 7) 
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two original research projects 
 
3.1 
curating the Six Speaking Chairs 
 
This first phase addresses the first of the two research questions.  
Q1.  What alternative perspectives on tone of voice could be beneficial 
within AAC? 
Q1a.  What frameworks for describing tone of voice can be found in 
other fields? 
Q1b.  How can these be made visible and accessible to non-experts? 
It starts with an interdisciplinary exploration of different ways of think-
ing about tone of voice, involving academic fields such as phonetics and 
sociolinguistics as well as creative practices such as scriptwriting and musi-
cal performance. 
This is followed by the first project, a collaboration with Andrew Cook 
entitled Six Speaking Chairs. This is a collection of six artefacts, each of which 
embodies a different mental model of tone of voice, making it accessible 
and discussable by a lay audience. The rationale and details of the collection 
are explained, as are the methods of its dissemination. 
Some of the chairs involve selecting between different choices of tone of 
voice, whilst others afford 'physical' manipulation of speech qualities. The 
distinction between these two approaches is discussed, as is its significance 
in determining a separation of Pullin and Cook's research and the subse-
quent direction of the author's individual research. 
 
 
3.1.1 
finding alternative models of tone of voice 
 
The intent of this stage of the research is to explore and discover alternative 
ways of thinking about tone of voice, including alternatives to the emotio-
nal model. The interdisciplinarity of this project comes both from applying 
knowledge from other fields to interaction design and also from engaging 
with other fields with the methods and sensibilities of an interaction de-
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signer. The approach has been to strike a balance between at times naïvely 
stumbling into a foreign field and seeing it with fresh eyes, but at others 
standing on the shoulders of experts in these fields, whose understanding is 
so much deeper and more subtle.  
 
yes. full stop. 
At the moment, the mechanism for choosing tone of voice in Text-To-
Speech systems, such as most communication aids, is punctuation. 
Reflecting on repetition in an essay The Telegraph Poles, G.K. Chesterton 
makes an analogy with repeating the same plain word (dog) thirty times. 
"It does not become tame, it becomes wild, by repetition." (Chesterton 
1910, 22) Likewise, if "yes" is a repeated response in a conversation, its 
repetition, if delivered exactly the same, will draw attention to its tone of 
voice. Boredom, sarcasm––and therefore insincerity––might be implied. 
To quote the graphic designer Erik Spiekermann––again by analogy, 
since he was talking of graphic design––"You cannot not communicate." 
(Sweet 1999) There is no such thing as a consistently 'neutral' tone of 
voice. Repetition will load any tone with some sort of meaning, however 
unintended. 
 
question marks and exclamation marks 
A question mark can obviously be added to turn a statement into a ques-
tion, usually represented by a rising intonation. But this is to preclude the 
many ways in which a question itself can be asked. The tone of voice of a 
question can render it encouraging, sympathetic, sceptical, even sarcastic... 
Likewise, whilst an exclamation mark can turn a statement into an ex-
clamation, the boundary between the two is hardly clear. The term excla-
mation can encompass surprise, horror, contempt, disbelief and many 
more meaningful and significant nuances. 
Some additional freedom might be controlled through combining punc-
tuation marks: "yes!!" might be more emphatic still than "yes!". But this is 
likely to imply extrapolation and exaggeration rather than nuance. 
 
on emoticons 
Email and text messages are media in which tone of voice is so often mis-
read and messages misunderstood. To mitigate, people often include emot-
icons––the modern use of which is commonly dated from 1982, attributed 
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to Scott Fahlman a computer scientist at Carnegie Mellon University. (Haf-
ner 2002) 
When presenting this project to the Centre for Speech Technology Re-
search at the University of Edinburgh, one researcher was adamant that the 
issue we are exploring had already been resolved: we just needed to add 
emoticons to TTS, and AAC users would be able to direct any emotion they 
wished. If only it were so simple, then email would not be so fraught with 
misunderstanding. 
 
emotional mapping 
The assumption is that emoticons are transcriptions of emotions, albeit by 
reference to facial expression. And so to the study of emotions themselves, 
beyond the means by which these might be represented. 
In the 1940s and 50s, the psychologist Harold Schlosberg worked on 
mapping facial expressions. (Schlosberg 1941) This led him to a model of 
mapping emotions in three dimensions, organised around four 'Cardinal 
Emotions' of happiness, sadness, anger and fear, with all other emotions 
interpolated within these extremes. (Schlosberg 1954)  
 
 
 
This has formed the basis for many research projects into the tone of 
voice of synthesised speech, based on parametric modelling of emotional 
prosody. (e.g. Murray and Arnott 1995) The dominant model amongst 
researchers developing affective speech synthesis is emotional mapping. 
Figure 22 
Facial expression map-
ping by Harold Schlos-
berg (Schlosberg 1941) 
3.1.1 finding alternative models of tone of voice    63 
The 'primary' emotions of happiness, sadness, fear and anger are mapped 
onto axes of positive valence––negative valence and high activity––low 
activity. Other emotions are plotted in this two-dimensional space and 
parametrically interpolated between the primary emotions. (Scherer 2005) 
 
emotion, affect, expression... 
Within the approach to Human Computer Interaction commonly referred 
to as affective computing (Picard 2000), the terms affect and emotion are 
often used interchangeably. The current (as on 31 May 2010) Wikipedia 
entry on 'Human voice' states that "tone of voice may be modulated to 
suggest emotions such as anger, surprise, or happiness", referencing an 
early paper 'Emotions and speech: some acoustical correlates'. (Williams 
and Stevens 1972) In speech synthesis too, the prevalent term is emotional 
speech synthesis. (Schröder 2001) 
Researchers have continued to develop the mapping of emotions, in-
cluding the Geneva Emotional Research Group. (Scherer 2005) 
 
 
 
Other researchers have identified "412 emotions organised into 24 
groups" with the particular goal of helping children with autism to better 
recognise emotions in other people. (Baron-Cohen 2007) 
Commenting on Jakobson's definitions (to come, below), the Belgian 
linguist and semiotician Jean-Marie Klinkenberg stated "The expression of 
'emotive function' (which could more aptly be called the 'expressive func-
tion') should not be understood in the usual sense, as referring to human 
affect. It actually has nothing to do with emotion. Any message, including 
the most neutral, reveals the condition of its sender." Even the crackling of 
a defective electrical part on a stereo system reflects this function, since it 
Figure 23 
emotion mapping by the 
Geneva Emotion Re-
search Group 
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indicates the stereo's poor condition." (Hébert 2010 quoting Klinkenberg, 
Jean-Marie. 1996. Précis de sémiotique générale. Paris: Le Seuil) 
 
emotions and attitudes 
The emotional model is the approach at the heart of most expressive speech 
synthesis today. But by some researchers' definitions, tone of voice (or even 
just intonation, in the following quotation) extends beyond emotions: 
"Emotions typically make themselves evident in spite of the speaker’s at-
tempts to control them... while attitudes are usually deliberately displayed". 
(Roach 1996) So perhaps attitudinal speech might be a more appropriate 
shorthand than emotional speech. And this implies basing user interfaces 
on different mental models.  
 
emotional speech and AAC 
Manufacturers of AAC (augmentative and alternative communication) 
devices that we have spoken with are expecting speech technology to sup-
port this kind of emotional speech in the future. So a more conventional 
assistive technology project might have taken this emotional model as a 
given, and designed in more detail how this might be translated into a 
usable interface (even if some assistive technology researchers predict that 
emotion could be sensed automatically with biosensors, supposedly obviat-
ing the need for a conscious user interface at all). But our intent is to chal-
lenge these assumptions––we (and many other researchers, as the subse-
quent chairs show) believe that expression of emotion is only one aspect of 
tone-of-voice. Not to even mention the moral implications of providing 
someone with a device that uncontrollably broadcasts their emotional state 
through tone of voice. 
 
how to do things with speech 
A different perspective on tone of voice can be gained from consideration 
of the roles of language as a whole. The philosopher J. L. Austin was re-
sponsible for the influential How to do things with words (1955, published as 
Austin 1962). Austin challenged the then received notion that the main role 
of sentences is in stating facts, by identifiing a series of ways in which an 
utterance's role is not to state a truth (or falsehood), but to perform an 
action. He made a distinction between a locutionary act, the act of saying 
something (making a statement), an illocutionary act in which something 
is actually done in saying something (for example, making a promise in 
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reciting an oath), and a perlocutionary act, in which something is done by 
saying something (for example eliciting an answer by asking a question). 
These he collectively termed speech acts. 
John Searle is another philosopher who subsequently developed the 
theory of speech acts. Whilst acknowledging Austin's subdivision of illocu-
tionary acts into verdictive, expositive, exercitive, behabitive and commis-
sive, Searle's "five basic kinds" are (Searle 1976): 
1. representatives (or assertives)––speech acts that commit a speaker to 
the truth of the expressed proposition, e.g. reciting a creed 
2. directives––speech acts that are to cause the hearer to take a particular 
action, e.g. requests, commands and advice 
3. commissive––speech acts that commit a speaker to some future ac-
tion, e.g. promises 
4. expressives––speech acts that express the speaker's attitudes and emo-
tions towards the proposition, e.g. congratulations, excuses and 
thanks 
5. declarations––speech acts that change the reality in accord with the 
proposition of the declaration, e.g. pronouncing someone guilty 
(A sixth kind, representative declaratives is sometimes given (Werner 
1988 citing Searle 1975). It seems that Searle rationalised his own classifi-
cation). 
Searle states that there are at least a dozen dimensions of differences be-
tween illocutionary acts, the most important three being the illocutionary 
point (the previous classification), the direction of fit ('word-to-world' or 
'world-to-word') and the psychological state (whether the speaker believes, 
wants or intends). This last dimension is particularly relevant in that it 
suggests different roles for tone of voice: to indicate how sincerely the 
speaker believes, how passionately they want or how resolutely they intend 
for example. Once again the emotional mapping seems lacking–the dimen-
sion of positive-negative does not differentiate between these quite differ-
ent kinds of positive. Neither does the dimension of activity-passivity. 
 
verbal functions 
Linguist Roman Jakobson identified six communicative functions, known 
as Jakobson's Verbal Functions (Jakobson 1960, summarised in Wilkins 
2006, cited in Higginbotham 2010): 
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1. expressive function (speaker's emotion, attitude is expressed) 
2. directive or conative function (speaker uses utterance to get the inter-
locutor to do something) 
3. social or phatic function (speaker uses utterance to signal social rela-
tion and social information) 
4. referential function (speaker uses utterance to describe states of affairs 
and objects) 
5. poetic function (the speaker's utterance shows creative elements) 
6. metalinguistic or reflexive function (the speaker's utterance refers re-
flexively to language structures and use–e.g. "Speak more slowly 
please") 
These functions are broader still than the previous speech acts classifica-
tions, and therefore the roles of tone of voice might be even more diverse. 
The useful freedoms and critical nuances may be different for different 
categories. Whilst a two-dimensional emotional mapping might suit the 
expressive function sufficiently, it is far less likely that axes of positive-
negative and active-passive describe the range of tones employed in the 
social function. Dominance and deference (for example) are not the same 
as activity and passivity, neither are carelessness and polite restraint. The 
poetic function could involve musical intonation for its own aesthetic sake. 
 
how are you? 
Tone of voice can even be used to make a distinction between the verbal 
functions. The phatic utterances––a term coined by anthropologist 
Bronislaw Malinowski (Malinowski 1923)––includes greetings and small 
talk, conversation for its own sake, or the sake of social relationships rather 
than to impart information. (OED 1993) The question "how are you?" is 
usually just such a phatic expression, a greeting. But if uttered in a suffi-
ciently concerned manner, it demands a reply. It becomes recognised as a 
directive expression after all. 
 
6 functions of hello 
The usually phatic "hello" is perhaps richer still. Depending on tone of 
voice, hello could arguably serve as any of Jakobson's six verbal functions: 
1. Freighted with emotion, it can warn of the speaker's emotional state 
or reaction to the encounter: expressive function. 
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2. Uttered with sufficient surprise or even scepticism, "hello?" can imply 
"what are you doing here?" and even demand an explanation: direc-
tive function. 
3. Most of the time, hello is a greeting: phatic function. 
4. With sufficient portent, it can inform of the seriousness of the situa-
tion: referential function. 
5.  Sung musically, it can be a performance in itself: poetic function. 
6. Unseen, on a telephone for example, or (more confrontationally, 
face-to-face) "hello?" can be used to re-establish the communication 
channel itself: metalinguistic function(?)  
Hello frames––sets the tone for––the entire conversation to follow. 
Therefore tone of voice is not only fundamental in establishing the mean-
ing of the word hello, but in the influence this has on communication as a 
whole. A person using a communication aid with limited tone of voice has 
less opportunity to set the tone of a conversation in the first place and so 
are likely to relinquish much of this control to their conversational partner. 
 
self, other and event 
Even as a phatic expression, hello can signal formality, politeness, friendli-
ness or casualness. It can express––acknowledge or propose––the relation-
ship between the conversational partners. 
Nick Campbell is a speech technology researcher at ATR Networks In-
formatics Lab in Kyoto and Trinity College Dublin. Campbell is active in 
expressive speech synthesis, but critical of "the current needs for so-called 
emotion in speech... the issue is better described as the expression of rela-
tionships and attitudes rather than the currently held raw (or big-six) emo-
tional states. From an analysis of more than three years of daily conversa-
tional speech, we find the direct expression of emotion to be extremely 
rare, and contend that when speech technologists say that what we need 
now is more ‘emotion’ in speech, what they really mean is that the current 
technologies are too text-based, and that more expression of speaker atti-
tude, affect, and discourse relationships is required". (Campbell 2005) 
Campbell has proposed a more multidimensional derivation of prosody, 
based not only on the emotion or mood of the speaker, but also their rela-
tionship to the listener and the social context and their conversational in-
tent. In his nomenclature: 'Self, Other and Event'. (Campbell 2004) These 
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three dimensions combine emotional mappings and the classifications and 
dimensions identified in speech acts theory. 
In Campbell's terminology, 'Self' combines emotion (happy/miserable or 
unhealthy) and interest (interested/not interested). 'Other' combines the 
relationship with a conversational partner (friend/stranger) with the social 
setting (formal/informal). 'Event' refers to the Speech Act, and combines 
what is being communicated (information/affect) with the direction of 
communication (offering/seeking). 
 
 
 
engaging with phoneticians 
In reprint b, 17 ways to say "yes" (Pullin 2006a), this early work was pre-
sented to the British Association of Academic Phoneticians. The reason was 
in order to elicit conversations about alternative models of describing tone 
of voice––and, appropriately enough, the keynote speaker John Laver 
(Laver 1991) proposed that phonetics itself become much more interdis-
ciplinary. 
 
transcribing intonation 
In phonetic terms, intonation is the subset of prosody that considers only 
pitch contours. Phoneticians transcribe intonation with diagrams that plot 
pitch vertically against time, between bounding lines representing the 
highest and lowest conversational pitch for that speaker. (Jones 1936) The 
Speaking Mobile was inspired by phoneticians' intonation diagrams. 
Classifications of intonation have been developed to navigate the infinite 
range of possibilities––and have proved especially useful in teaching Eng-
lish as a foreign language. According to one widely accepted description of 
intonation, there can be considered to be seven nuclear tones: high fall, 
low fall, rise-fall, mid level, high rise, low rise, fall-rise. (O'Connor and 
Arnold 1973) 
Figure 24 
Nick Campbell's 'Self, 
Other and Event' 
(Campbell 2004) 
3.1.1 finding alternative models of tone of voice    69 
Whilst intonation can be used to transcribe whole sentences, it can also 
be used to illuminate single word interjections. David Crystal maps out 
intonation diagrams for nine ways of responding "yes" in English to the 
same question. He doesn't restrict himself to the seven tones above, but 
says "no-one has yet described all of the nuances of meaning that can be 
conveyed by the intonation system. Even if we restrict ourselves to a single 
word, yes, in a single context, it proves difficult to capture everything that 
is involved". (Crystal 1995) 
Further nuance has resisted the phoneticians' attempts to categorise. "In-
tonation has traditionally been regarded as a problem". (Fox 2000) So it 
may be that the diagrams themselves offer the best framework to think 
about nuance in tone of voice. 
 
music and emotions 
Musical composition and performance are another field in which specifying 
and communicating expressiveness are fundamental. Musical theorists and 
researchers such as Patrik Juslin and John Sloboda  have explored the musi-
cal embodiment of "the five most studied" emotions of happiness, sadness, 
anger, fear and love/tenderness. (Juslin and Sloboda 2001 cited in Newell 
2009, 54) They have even used the positive valence––negative valence and 
high activity––low activity axes at the heart of emotional mapping, and 
mapped onto these musical qualities. (Juslin and Sloboda 2001, 315, re-
printed in Newell 2009, 55) For example, tenderness can be characterised 
by slow mean tempo and low sound level, but also legato articulation and 
accents on stable notes, whereas anger can be characterised by fast mean 
tempo and high sound level, but also spectral noise and accents on unstable 
notes. Some of these are more abstract––yet at the same time feel more 
subtle––than the parameters speech technologists are suggesting be offered 
as handles with which to control speech quality. (Flach 2002) 
 
yeah-yeahs 
Another insight that emerged from this work was the role of interjections 
in telephone conversations. The Speaking Mobile was prototyped as a working 
phone and used on live telephone calls. During these calls, in addition to 
responding “yeah” or “no” to questions posed by the other person, users 
often began to interject much shorter “ye-ye” or “uh-uh” as a way of sup-
porting or sustaining the conversation. These interjections were used to 
reassure the other person that they were still listening, or to subtly steer the 
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conversation by registering a back-channel of approval or hesitation, taking 
the role of facial expressions and gestures in face-to-face conversations. 
In these paralinguistic interjections, which can exist without words, tone 
of voice is again key to interpreting their meaning. 
 
paralinguistics and percussion 
“Yes” and “no” are not restricted to answering straight questions. Interject-
ing more ambivalent “yes [sort of...]” or “no [not quite...]” responses can 
be used to skilfully steer a conversation toward a desired outcome. At an 
even more basic level, people use curtailed “ye-yeahs” and “uh-huhs” to 
reassure the other person that they were still listening. This is especially so 
on the telephone, when facial expressions cannot be seen and these inter-
jections take the place of subconscious nodding in supporting and sustain-
ing the conversation. 
With its emphasis on written language, Text-To-Speech tends to over-
look these paralinguistic uses of speech in communication, and as a result 
so do most AAC devices. Projecting this onto music, it seems analogous to 
percussion, where it is gesture and timbre that are controlled, rather than 
melody (transcribed as notes––or, like text, written in letters). This vein of 
our research, being led by Cook is covered in more depth and detail in his 
own thesis. (Cook 2013) 
 
dark chocolate and rich fruitcake 
An important dimension of instrumental music, from primitive instruments 
to prepared pianos, is materiality—in this case, the acoustic qualities of 
materials. Materials play a role in one's experience of sound whether or not 
one is touching them or producing the sounds oneself. We were intrigued 
by the idea of introducing materiality into AAC, using materials to select 
and manipulate tone of voice. People have enormous sensitivity to vocal 
nuance, but may have difficulty describing this directly; perhaps materials 
can be used to translate. Voice coaches sometimes refer to a hint of dark 
chocolate in a voice to imply a low pitch, a richness, even a fluid intona-
tion. This is a pretty abstract allusion, but somehow a layperson is able to 
imagine the sound qualities referred to. 
What voice qualities might other materials represent? Some ideas seem 
disappointingly obvious—of sandpaper being used to describe a harsh or 
rasping voice, or glass being used to portray a clear yet cutting one. Cook 
remembers a voice being described as a rich fruitcake, an allusion that 
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seems to go further still than chocolate, suggesting accent and vocabulary. 
When combined with action, returning to percussion, the possibilities for 
nuance could be rich. 
 
creative speech 
In the search for alternative models on which to base new interactions with 
tone of voice, creative practices in which the voice is an expressive medium 
can complement more traditionally academic approaches. 
The research of Christopher Newell, demonstrates how different—how 
rich and how complementary—a perspective from the creative arts can be 
in the context of speech synthesis research. Newell has deep experience in 
the theatre, having worked with Trevor Nunn and Sir Peter Hall at Glynde-
bourne, The Royal Opera House Covent Garden and The National Theatre. 
Of his PhD thesis, Place, authenticity, and time: a framework for liveness in synthetic 
speech he writes "This thesis is motivated by a curiosity to find out whether 
the sort of techniques employed by actors to improve their voice acting 
could be translated into rules for a synthesiser that would lead to better 
speech synthesis." (Newell 2009, xvii) The research looked at timing, in 
particular the insertion of 'dramatic' pauses into synthetic speech... "The 
term artefact is used throughout this thesis to mean more than just a syn-
thesis system. It implies a comprehensive speech embodiment that may 
include hardware and software as well as accoutrements associated with art 
and performance such as a set and a script." (Newell 2009, 4) 
 
directing speech 
Established theatrical practice involves actor and director together deter-
mine the way that lines are delivered. This is developed during rehearsals, 
whether the purpose of rehearsal is seen as internalising a character 
(Stanislavskii 1948, cited by Roach 1993, 212, cited by Newell 2009, 42) 
or in a tradition of repetition––Laurence Olivier is quoted as saying "I'd 
rather have run the scene eight times than have wasted that time in chatter-
ing away about abstractions. An actor gets the right thing by doing it over 
and over. Arguing about motivations and so forth is a lot of rot." (Cole and 
Chinoy 1963, 412, cited in Roach 1993, 153) Leaving this controversy 
aside, the point is that tone of voice can be said to be co-created by actor 
and director, rather than being dictated by the script itself. 
But playwrights at least used to indicate how they wish an actor to speak 
a line with written stage directions. Whilst this may be of only historical 
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interest within the theatre itself, it is thought-provoking in the context of 
AAC because, at the moment, the relationship between a communication 
aid and the person using it is more akin to actor and playwright than actor 
and director. The person using the device controls how it speaks not 
through negotiation and iteration, but through definitive written instruc-
tions—even though, at the moment these are confined to punctuation. 
 
Pygmalion 
George Bernard Shaw used stage directions particularly expressively. In 
Pygmalion, he gives hundreds of different tones of voice annotated in square 
brackets after lines of speech, such as [tempted], [tickled] and [terse]. 
(Shaw 1916) As a result, the script can be read by a general reader, rather 
than an actor—and was intended to be, being published for a public read-
ership from 1914, later, notably with illustrations by Feliks Topolski by 
Penguin. (Shaw 1941) The stage directions mean that each character emer-
ges line by line, through the tones of voice, rather than has to be first 
understood in order to 'hear' the lines. Which underlines the profundity of 
tone of voice in the context of AAC: that not just minute-to-minute emo-
tions, but moods and character are implied by tone of voice. Even if this is 
uncontrolled, inappropriate and inaccurate. (Alm and Newell 1996)  
Shaw himself was not averse to developing new theories of language 
(indeed the preface to Pygmalion argues for spelling reform on the basis of 
the ambiguity of written vowel sounds in particular, and he bequeathed 
money to establish a phonetic Shavian alphabet). Yet as a playwright, he is 
more pragmatic. His directions adhere to no single model of prosody. For 
example, each of the following directions is describing tone of voice by 
different route: [explosively] describes the physical production of speech, 
or the sound of it, directly; [protesting] describes a response to a previous 
comment, and so is very much a description of the conversational ex-
change; [uneasy] is more akin to an internal emotional state of the speaker, 
in the traditional emotional model. Shaw mixes descriptions from the per-
spectives of the speaker, the conversation and the speech sounds them-
selves. 
 
with the roar of a wounded lion 
Shaw's annotations can be more elaborate: [most musical, most melan-
choly], [with professional exquisiteness of modulation] and [with the roar 
of a wounded lion]. (Shaw 2003) These last three are poetic: speaking the 
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directions aloud (which of course they wouldn't be) itself suggests the 
tone. They are also humorous and engaging. 
 
 
 
What is striking about Shaw's annotation, in the context of this study, is 
how nuanced they are. Here is a degree of subtlety and sophistication not 
found in the academic systems, yet at the same time accessible to a layper-
son. This is both an inspiration and a challenge to this research. On the one 
hand, from an AAC perspective we might say, it serves to expand our con-
ception of tone of voice. 
On the other, from an interaction design perspective, it also raises differ-
ent challenges for new interactions with tone of voice. An underlying 
model or metaphor can be fundamental in underpinning an intuitive user 
interface, as described by Bill Verplank in his Interaction Design Sketch-
book. (Moggridge 2006) What are the implications if there is no unifying 
mental model across our range of definitions of tone of voice? So at this 
stage, we should keep an open mind as to whether this model will be in-
herent in the description of tone of voice, or be contributed by the interac-
tion design. 
 
six frameworks 
Anticipating the next chapter, we can summarise this research into existing 
models from different disciplines as a selection of six frameworks. This is 
not an accurate reflection of the chronological events, this process having 
been the result of an iteration between the literature research and the de-
sign exploration presented in the next chapter. The complexities of this will 
Figure 25 
stage directions in 
George Bernard Shaw's 
Pygmalion (Shaw 1941, 
66) 
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be opened back up again in the next chapter, but for now this simplifica-
tion may serve to round off the documentation of the literature search. 
Not included in these six frameworks are current standards such as SSML 
(Speech Synthesis Markup Language) used by speech technologists, which 
specify directly the parameters to be used by the Text-To-Speech engine. 
These parameters might include pitch (in Hz), pitch range (in Hz) and final 
lowering (steepness of pitch fall at the end of an utterance (in Hzs-1) and 
so on. Instead we are concerned with user interface frameworks which 
might intercede between a layperson and such esoteric technical descrip-
tions. 
 
1   punctuation 
Current Text-To-Speech synthesisers afford limited control of tone of voice, 
utterance by utterance, through punctuation. A full stop produces a sup-
posedly neutral tone of voice, a question mark a rising intonation and an 
exclamation mark a louder delivery. 
 
2   emotion 
The dominant model amongst researchers developing affective speech 
synthesis is emotional mapping. The 'primary' emotions of happiness, 
sadness, fear and anger are mapped onto axes of positive valence–negative 
valence and high activity–low activity. Other emotions are plotted in this 
two-dimensional space and parametrically interpolated between the pri-
mary emotions. (Scherer 2005) 
 
3   relation 
In the work of Nick Campbell, emotions are augmented by equally import-
ant considerations of social relations and conversational intent. In this, his 
work draws on speech acts theory. Campbell has proposed a framework of 
Self, Other, Event. (Campbell 2004) 
 
4   intonation 
A graphical representation of intonation, as used by phoneticians to tran-
scribe intonation. (Fox 2000) Intonation diagrams plot pitch vertically 
against time, between bounding lines representing the highest and lowest 
conversational pitch for that speaker. (Jones 1936) 
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5   interjection 
Paralinguistic utterances, such as uh-huh and mmm are difficult to tran-
scribe in writing––and not even supported in Text-To-Speech. Like intona-
tion diagrams they are more gestural. Unlike intonation, the parameters are 
less obvious. It may be more appropriate to seek to establish connections 
with the materiality of simple percussive instruments and performance. 
(Cook 2013) 
 
6   direction 
A plain-language description of tone of voice, such as might appear in a 
playwright's stage directions to actors, Pygmalion by George Bernard Shaw 
being an inspiring example. (Shaw 1916) Shaw's directions are heterogen-
eous, alternating between different perspectives on tone of voice: descrip-
tions of emotional state, sound quality or conversational role—or indeed 
combining a different perspectives within a single tone of voice, as in 
[most musical, most melancholy]. They are often poetic and have an aes-
thetic quality beyond the sounds that they describe. 
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3.1.2    
Six Speaking Chairs 
 
 
 
The Six Speaking Chairs have been introduced in different ways to different 
audiences. In 'Six Speaking Chairs (not directly) for people who cannot 
speak' published in the ACM magazine Interactions, the audience is a general 
interaction design and HCI readership: 
There are some commonly held assumptions about the future of speech technology, 
and our interactions with it, that we wish to challenge. Our goal with “Six Speaking 
Chairs” is to explore alternative perspectives rather than to converge on solutions at 
this first stage. We would therefore describe this activity as design research, even 
though it involves our practice as interaction designers. 
We have built a collection of objects, each of which embodies a different way of 
thinking about tone of voice. It is better to view the chairs as provocations than as 
prototypes in the conventional sense, because their most important role is to spark 
discussion rather than to test proposals. The chairs are not to be taken literally. It’s 
not about chairs at all—they are really just illustrations of principles, more so even 
than sketches of user interfaces. Each illustrates what might otherwise be a rather 
esoteric mental model, making it accessible to experts and non-experts alike and en-
gaging both in conversation and reflection. (Pullin and Cook 2010b, 38) 
Whereas in 'Six speaking chairs to provoke discussion about expressive 
AAC' presented at the International Society of AAC conference in Montréal 
to an AAC audience, after a longer discussion of tone of voice and its role 
in AAC, the chairs are introduced more literally from the start: 
Each of these approaches is embodied in one of six ‘Speaking Chairs’. Each chair has 
a user interface, some speech technology and a loudspeaker [illustrated] that allow 
someone sitting in it to say particular words in a number of different ways (between 
three and several thousand, depending on the individual chair). The interfaces are 
illustrative: it is the six mental models that lie behind them that are the focus of this 
stage of the project. (Pullin and Cook 2008) 
 
why objects? 
The purpose of the Six Speaking Chairs is to visualise different ways of thinking 
about tone of voice. In the form in which these ideas existed already, some 
Figure 26 
the Six Speaking Chairs––
left to right, Chairs No.6 
to No.1 
See reprint of 'Six Speak-
ing Chairs (not directly) 
for people who cannot 
speak'. 
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are expressed through a specialised vocabulary or nomenclature, others 
through diagrams or maps. Some are to be found in academic papers and 
monographs, others in scripts, others still are unexpressed. 
There are then at least two reasons that this is a collection of physical ob-
jects (rather than a collection of images or written descriptions for exam-
ple): a physical object affords many opportunities to express diverse mod-
els. It can include two-dimensional planes and so ideas that have previously 
already been described as diagrams, such as emotional mappings, or as 
written descriptions can still be incorporated in some way. Clearly physical 
objects also afford three-dimensional expression. The physicality and per-
sistence of an object implies a potential for interaction, an affordance that a 
traditional diagram does not have. What could I do to this? What might the 
reaction be? What will happen next? 
It is also important that the collection has a presence of its own, in order 
to invite––even to challenge––engagement and contemplation. Laypeople 
––by which in this case refers to anyone who is not an expert in speech 
technology or speech science––are more used to responding to, even offer-
ing a critique of, an art piece than an academic paper. And it is important to 
elicit responses from experts and non-experts alike, lest we continue to 
design speech technology for speech technologists. 
 
why chairs? 
One of the prime concerns when conceiving the objects was that each 
would be clearly understood as an illustration, rather than a clinical proto-
type of a new AAC device. Whilst there is a growing practice of artefacts 
being used in human-centred design to provoke discussion rather than to 
directly propose a solution, in disability-related design, these techniques 
are much less familiar. (Chamberlain and Bowen 2006; Pullin 2009a) 
So whilst a more obvious approach might have been to make a series of 
anonymous boxes, there was a real danger that any object, no matter how 
generic, would have been taken literally. No matter how neutral, there was 
a concern that the usability or robustness would be critically commented 
on. So more extreme measures were resorted to. 
Another consideration was that, as interactive prototypes, our objects 
were to be deployed in live conversations. A box, on a lap or on a table top 
would have literally come between the two conversational partners with a 
danger that the physical object, rather than the tone of voice of the speech 
it produced, could become the focus of attention. A chair is a natural place 
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from which to have a conversation. Two, even empty, chairs facing each 
other suggest conversation. 
By being such a surprising choice of objects, the chairs have proved 
more engaging and memorable to an AAC audience. And this is part of 
their role––to engage people in a conversation in the first place. The chairs 
have received repeated invitations to influential speaking engagements in 
AAC. (Pullin 2010c; 2011b; 2011c) 
Having said so much about how chairs are not an obvious choice, many 
people who use communication devices also use wheelchairs. So if we were 
to look ahead to future phases of research, one of the key contexts for this 
interactivity is a wheelchair: how would someone in a wheelchair, with 
mobility and perhaps also dexterity impairments––perhaps associated with 
a condition such as cerebral palsy (CP) or ALS (amyotrophic lateral scler-
osis, a degenerative neurological condition)––control the fine nuance of 
their projected tone of voice? What new approaches to this interaction 
design might be illuminated if approached from the perspective of design-
ing an interactive chair, rather than a device or gadget to be mounted on a 
chair? The author has set the brief of inventing interactive chairs, somehow 
midway between the scale of products and exhibits, to undergraduate 
interaction design students for the Museum of Lost Interactions. (Pullin 2010b) 
But that really is another project. 
So the chairs are not to be taken literally. It's not about chairs at all––they 
are really just illustrations of principles rather than even sketches of user 
interfaces. Each illustrates what might otherwise be a rather esoteric mental 
model, making it accessible to experts and non-experts alike and engaging 
both in conversation and reflection. 
 
why speaking? 
The six chairs would have a value in visualising the different mental mod-
els, even if they were inert. Even if they existed only as photographs and 
videos. This is the primary perspective taken in this thesis.  
But they are not inert: they are working prototypes. This aspect of the 
project is far more at the heart of the work and thesis of my research part-
ner, Andrew Cook. (Cook 2013) This has its own value: it grants equal 
access to concepts that can be understood as a glance and those that are 
only fully grasped through use. Even between those for whom the visual 
manifestation is self-explanatory and those in which it serves as an aide-
memoire once understood. 
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Our interactive prototypes allow each to be deployed within a conversa-
tional context to assess their effectiveness––not only their clarity or ambi-
guity, but also the conversational influence and creative expression that 
they afford. 
But at this stage we are not trying to design practical everyday interfaces, 
but we are using interaction design indirectly––as a tool to explore differ-
ent approaches, and the future interactions that they might inspire. 
 
 
 
why "yes", "no", "really" and "hello"? 
These contexts have to be carefully crafted, given that, for prototyping 
reasons, the chairs are limited to just four words. There is a secondary 
control one side of the seat, selecting "no", "really" or "hello" in favour of 
the default "yes", all four chosen for the importance of tone of voice in 
their meaning and for their role in engaging and sustaining conversation. 
But this is not without precedent in the study of AAC, because some people 
with aphasia lose their vocabulary, yet manage to influence and direct a 
conversation despite this. (Goodwin 2004) 
Whereas in writing, "yes" is usually affirmative, in speech its meaning 
can be more complex, more layered, more sophisticated. With the right 
tone of voice, we can either say "yes" to agree, to reassure, to bide for time 
or even to undermine (without being so blunt as to actually say "no"). 
(Crystal 1975) 
And in the paper 'Co-constructing meaning in conversations with an 
aphasic man' by Charles Goodwin, we have already met the notion of "Yes 
as a textured, nonbinary answer". (Goodwin 1995, 240) 
Figure 27 
the secondary control, 
common to all six chairs, 
selecting the utterance 
"Hello", "No" or 
"Really"––otherwise 
"Yes" is uttered if no 
selection is made 
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As already discussed, "hello" can be used to perform most if not all of 
Jakobson's six verbal functions (Jakobson 1960)––and tone of voice is 
fundamental to this flexibility. And "really" is fascinating because it could 
be said to have no meaning independent of the way in which it is said.  
 
how speaking? 
The overall approach to prototyping was (in some ways as with the re-
search methods themselves) to combine a diverse range of techniques, 
where appropriate. In some cases different tones of voice are produced just 
by calling up different recorded sound files. In others cases sound files are 
manipulated in real time to change their sound qualities (for example their 
pitch and timing). In others still, speech sounds are parametrically gener-
ated from scratch, according to input from controls. 
In each case the technique was to mount a wireless iCube-X within the 
chair. This communicating with an Apple iMac computer, which ran what-
ever software––Max/MSP, PureData––necessary to produce or manipulate 
the speech sounds for that prototype. (Cook 2013) An FM transmitter 
attached to the laptop sent live sound back to a reciever and amplifier on 
the chair, resulting in the speech emanating from the Tannoy speaker. 
There is then another set of arguments for using chairs: they provide a 
larger size over which to display interface elements or within which to hide 
prototyping technology. Even though the laptop was external to the chair 
(one of the reasons being that all six chairs could share a laptop, without 
having to demount and remount it each time) the extra space to mount the 
interface and communication circuitry was valuable. We did not wish to 
spend inappropriate time miniaturising the circuitry and producing be-
spoke circuit boards, even though this would have been perfectly possible. 
 
why found chairs? 
The chairs have deliberately not been designed––as for example were the 
objects for Placebo (Dunne and Raby 2001) or Social Mobiles. (IDEO 2002, 
Pullin 2010b) Although inspired by both, conceived of as a design collec-
tion, the allusion to museum collections is appropriate: the six chairs each 
represent a way of thinking about speech encountered on our interdiscipli-
nary travels and brought back home. Our mental models, like the physical 
controls and the chairs themselves, are all found objects, re-appropriated. 
Their physical form––the anonymous chairs, the plain grey boxes, the 
familiar controls out of context––is designed to reflect this, designed to 
3.1.2 Six Speaking Chairs    81 
look not designed as much as displayed. The project is as much an exercise 
in curation as creation. (Pullin 2010b) 
 
why found objects? 
The use of found objects extends to the user interfaces too. Typewriter 
keys, radio tuning dials and doorbells are all appropriated and repurposed 
for controlling speech. The only 'designed' element in the composition is a 
charcoal grey box, mounted under each seat and extending some 300 mm 
or so to the right of the chair. This has square corners. 
The charcoal grey colour has been chosen to allude to 1940s and -50s 
scientific equipment. But it also is the colour of the Tannoy-style speakers 
at the front of each chair, through which the speech sounds emanate, and 
this integrates the whole into a 'single' intervention attached to the found 
chair. 
 
 
 
why Tannoy speakers? 
An old-fashioned metal horn loudspeaker projects from the front edge of 
the box on each chair. This particular speaker serves two distinct roles: 
More than any other object, a Tannoy speaker acts as an iconic visual 
representation of spoken announcements. In his monograph H. G. Wells, 
Modernity, and the Movies, Keith Williams describes the way in which the 
director James Whale employed loudspeakers to embody the human voice, 
in the 1933 film of The Invisible Man. (Williams 2007) This visualisation of 
the voice deliberately contrasts with the dematerialisation of the scientist 
played by Claude Rains. 
Figure 28 
the Tannoy speaker on 
each chair embodies 
speech 
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The other reason is more pragmatic: our speech technology, while flex-
ible and capable of a high level of nuance and real-time control, sounds far 
from realistically human. The low-fidelity sound from the horn accentuates 
the highly artificial sound of the speech; the emphasis is not on its realism, 
but its expressiveness. It also helps to level out the differences in realism 
between our different prototyping techniques: granular synthesis, at the 
level we are employing it, can sound very different to recordings of a hu-
man voice. Played through high-fidelity speakers, these differences in voice 
quality between the prototypes might have dominated the reactions to 
each. 
 
 
 
why six? 
There are six chairs in the series, which is not in any way a definitive num-
ber (we explored ideas for series with anything from four to twelve ele-
ments). Three are deliberately quite expected (Chairs No.1, 2 and 4) repre-
senting familiar ideas in speech technology; three are probably more sur-
prising (Chairs No.3, 5 and 6) and expand the total landscape much fur-
ther. And it is the landscape that is important––the six chairs collectively 
imply many other possibilities between and beyond.  
Further details about the background, rationale and inspiration will be 
introduced through detailed descriptions of the six chairs themselves: 
 
Chair No.1––the Exclaiming/Questioning Chair 
The first chair in the collection, the Exclaiming/Questioning Chair, is a 
reclaimed wooden kitchen chair, to which a plain charcoal grey box has 
Figure 29 
detail showing chair 
name and number––
numbered in the order in 
which the chairs are 
introduced 
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been fitted, beneath the seat and extending to one side. Set into the top 
surface of the charcoal grey box are three keys from a computer keyboard, 
marked with a full stop, an exclamation mark and a question mark. Sitting 
in the chair, if you press the '.' key, the word "yes" is emitted from the 
loudspeaker in a neutral, fairly level tone. Press the '?' key and "yes" is de-
livered with a rising, questioning intonation, whilst pressing the '!' key 
elicits a louder, more emphatic delivery. 
 
 
 
the scientific 'control' 
These three ways to say "yes" represent the common flexibility of everyday 
Text-To-Speech (TTS) technology. The chair is a basic kitchen chair, but an 
attractive wooden one––we were careful to be even-handed in the design 
qualities of the found objects allotted to each chair, lest there be an implied 
or perceived bias. The Exclaiming/Questioning Chair is intended as an 
honest representation of the current state of speech technology. 
 
please type 
The use of familiar keys from a generic computer keyboard reinforces the 
ubiquity of this technology. We were careful to select attractive white keys, 
from an Apple iMac keyboard. The white keys, accompanied by further 
white text applied as rub-downs to the charcoal grey box, lent the compo-
sition the simplicity of a diagram. Which is appropriate, because these 
interfaces are much more illustrations than candidate user interfaces for 
future AAC devices. 
Figure 30 
Chair No.1 The Exclaim-
ing/Questioning Chair. 
Three computer key-
board keys marked '.', '!' 
and '?' allow one to say, 
exclaim and question 
respectively 
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At the near edge of the top surface of the wooden box are the words 
'Please type', which underlines the fundamental link between written lan-
guage and Text-To-Speech. There is a different instruction or invitation on 
each of the chairs, each of which explains the nature of the interaction to 
an uninitiated sitter, but also hints at a frame of mind or a spirit with which 
to engage with this particular chair. 
 
 
 
monotony 
One of the insights from using the Exclaiming/Questioning Chair as a 
working prototype was the way that it illuminated the invariance of tone of 
voice. The speech, even with the 'neutral' (full stop) intonation, was not 
monotonic in the sense of having an intonation with no pitch variation. It 
sounded quite 'natural'. But the limited vocabulary, coupled with the lim-
ited choice of tones of voice, highlighted the monotony in the sense of the 
delivery being exactly the same each time. A neutral "yes", repeated, really 
does begin to sound bored, sarcastic over time. There is no such thing as a 
neutral intonation. You cannot not communicate. 
This is such a real issue that some AAC researchers have even proposed 
that a randomised intonation, introducing a variation that implies concen-
tration and interest on behalf of the person 'speaking'––however falsely––
might not be such a ridiculous idea. (Alm and Newell 1999) 
 
Chair No.2–the Happy/Sad Chair  
The second chair, the Happy/Sad Chair, represents the commonest ap-
proach to 'emotional speech synthesis'. (Schröder 2001) The control is via a 
Figure 31 
detail of Chair No.1 
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tuning dial from a radio, which has been relabelled, the international radio 
stations replaced by a two-dimensional mapping of emotions, taken from 
psychological research. (Schlosberg 1954) Inside the box, a potentiometer 
registers the rotation of the tuning dial and there is a separate slider con-
trolling the degree of emotion. A further stainless steel button labelled 
'PUSH TO SPEAK' triggers the speech sound. 
These inputs drive a parametric model of prosody, using granular syn-
thesis and formant resynthesis (Roads 1996, 168)––a flexible 'experience 
prototype' (Buchenau and Fulton Suri 2000) standing in for more sophisti-
cated state-of-the-art speech technology. For a more detailed explanation of 
how this is achieved in Max/MSP, please refer to Cook's thesis. (Cook 
2013) 
 
 
 
please tune 
Beneath the controls, this time is the invitation to 'Please tune'. This is not 
only an allusion to the radio dial, but hints that some form of trial and 
error, or hand-ear coordination might be involved, just as they are when 
tuning a radio––either quickly skipping across the dial, browsing stations 
by catching snippets of programme content, or more precisely homing in 
on the best signal by in the manner of an expert safe-cracker. There is also 
the allusion to tuning into moods. 
 
Figure 32 
Chair No.2 The 
Happy/Sad Chair. A radio  
dial has been relabelled 
with emotions in place of 
station names 
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The dial itself is taken from a 1950s Bush TR82 transistor radio, de-
signed by British industrial designer David Ogle and first manufactured in 
1959. (V&A 2011) From an interaction design perspective, this dial fea-
tured a planetary ball-bearing: when the outer transparent cover was 
turned, a planetary ball-bearing arrangement geared down this rotation so 
that the needle moved through only a fraction of this angle against the 
static face on which the frequencies and stations were annotated. This made 
the act of tuning more sensitive––an exquisite interaction. The chair itself is 
a reclaimed wooden dining chair, which could be contemporary to the 
radio. 
 
the missing chair? 
In defining Chair No.1 as the 'scientific control', in that it embodies preva-
lent Text-To-Speech technology, and Chair No.2 as the predicted future of 
emotional speech synthesis, a further chair––another reflection of where 
things are today––suggests itself but was not built as a prototype. 
A (seventh) chair could have been built which illustrated the idea of ma-
nipulating directly the technical parameters of synthetic speech. Since these 
are conceived by speech technologists, who obviously understand them, 
they are sometimes confused with user interfaces for laypeople. For exam-
ple, in the chapter 'Interface design for speech synthesis systems' (Flach 
2002) the 'user interfaces' described are at the level of Synthetic Speech 
Markup Language (SSML), defining pitch (in Hertz), pitch contour (in  
Hzs-1) and so on. 
Figure 33 
detail of Chair No.2 
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It would have been possible to have built a chair to represent this, even 
to have used it to test the hypothesis that laypeople find this difficult to 
engage with. But we did not––instead we leaned towards more radical 
models. 
A proposal for a complementary research project in collaboration with 
the Centre for Speech Technology Research at the University of Edinburgh, 
'101 ways to say yes and no: exploring the effectiveness, feasibility and 
usability of more expressive speech synthesis' was submitted to the EPSRC, 
but was unsuccessful. (Pullin and Clark 2011) 
 
Chair No.3–the Offering/Seeking Chair 
Our reservation about using the phrases 'emotional speech' and 'expressive 
speech' interchangeably is that one's emotions are just part of what one 
expresses through tone of voice (and even then, the situation is more com-
plicated: when one suppresses one's emotions but they are still discernable, 
when one feigns an emotion, or when two emotions are combined or even 
in conflict). 
Chair No.3 is the Offering/Seeking Chair is based not just on the emo-
tions of the speaker, but also around the relationship between the speaker 
and their conversational partner, the social context they find themselves in 
and the speaker's conversational intent. It is built on the work of Nick 
Campbell, a researcher into speech corpora. (Campbell 2005) 
 
 
Figure 34 
Chair No.3 The Offer-
ing/Seeking Chair 
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The interface is a series of six toggle switches: two to register the social 
relationship between conversational partners; two to reflect the conversa-
tional intent of any individual utterance. This leaves two switches to regis-
ter a total of just four emotional states. The toggle switches are of a kind 
found on scientific equipment and reminiscent of historical aeroplane 
cockpits, implying a technical mindset. 
Following from Campbell's model of 'Self', Other' and 'Event', the 
switches are labelled: 
under 'self', 'happy' versus 'miserable or unhealthy' and 'interested' versus 
'not interested';  
under 'other', 'friend' versus 'stranger' and 'formal' versus 'informal'; 
under 'event', 'information' versus 'affect' and 'offering' versus 'seeking'. 
 
 
 
please operate 
Underneath the instruction to 'Please operate' is intended to inform the user 
that they are responsible for checking all the settings. The word 'set' was 
also considered, hinting that the settings might even stay the same in the 
medium term: the timeframes of our tone of voice are interesting: our 
conversational intent may change utterance to utterance, whereas our emo-
tions might change minute to minute, our attitude (to a conversational 
partner or a social context) might last a whole conversation, a mood might 
change through the course of a day or a week––whereas aspects of our 
personality, and the way this is reflected in our speech patterns, may evolve 
slowly over many years or even be constant throughout our talking lives. 
Figure 35 
detail of Chair No.3 
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These different periods and rhythms are another aspect missing from the 
perspective of emotions alone. 
 
challenging existing paradigms 
We are interested to understand more about the relative strengths and 
weaknesses of this approach when compared with the emotional model. 
The overall number of tones of voice, and so the cognitive overhead, is not 
too dissimilar, but we are gaining complementary sensitivity at the expense 
of fine emotional control. Rebalancing or even 'relegating' the control of 
pure emotions in this way, rather than just augmenting them by simply 
adding further functionality, is important in highlighting their relative 
importance. 
 
Chair No.4–the Rising/Falling Chair 
The Rising/Falling Chair dispenses with intermediate parameters and gives 
direct control of the speech sounds: the user traces the pitch contour they 
want on a flat surface and the intonation and timing of the synthesised 
speech follows this, in real time. This is based on the intonation diagrams 
that phoneticians have been using for many years to record speech tones 
(Jones 1936), turned around to define rather than transcribe them. 
 
 
 
The chair works by having the touchscreen of a Nintendo DS embedded 
in the chair, passing coordinates to Max/MSP. The functionality is the same 
as that of The Speaking Mobile from Social Mobiles, coded by Pullin. But 
whereas The Speaking Mobile synthesised primitive speech sounds from 
Figure 36 
Chair No.4 The Ris-
ing/Falling Chair. A 
touchscreen from a 
Nintendo DS is embed-
ded in the surface. The 
instruction in the bottom 
right-hand corner reads 
'Please practice' 
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scratch, using a hand-drawn larynx waveform and bandpass filters repre-
senting the resonant properties of the vocal tract, interpolated between the 
phonemes than made up the word "yeah" or "no", the Rising/Falling Chair 
is more sophisticated (whilst still an experience prototype): once again 
employing granular synthesis and formant resynthesis, which allows re-
corded speech to be used as the base. (Cook 2013) Recordings allow "yes", 
the voiceless alveolar fricative /s/ (Ashby 1995) to be as easily manipulated 
as vowels and liquids of "yeah" in the original, and are more realistic, im-
proving the credibility of this approach. 
 
 
 
please practice 
In use, we have been struck by how intuitive this can prove even for people 
not trained in phonetics. It is akin to learning a musical instrument; an 
exercise in hand-ear coordination that yields ever greater levels of control 
and nuance with practice. 
The instruction 'Please practice' alludes to musical instruments––to both 
practice and performance. It invites an experimental approach to exploring 
just what sounds can be produced and perhaps warns that this might not be 
straightforward and so effort will be required on behalf of the player. 
 
Chair No.5–the Reassuring/Undermining Chair 
The Reassuring/Undermining Chair offers more abstract control: the user 
hits a drum pad and the way in which it is hit, and the material that it is hit 
with determines the timbre and intonation of the utterance. Confident 
hitting will trigger “yes”s and “no”s in different tones of voice; lighter 
Figure 37 
detail of Chair No.4 
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tapping will produce paralinguistic 'uh-huh's and 'ye-yeah's that lubricate 
conversation, encouraging or undermining the other person while they are 
speaking without interrupting them, yet which are not even part of current 
Text-To-Speech systems. 
The drum pad is set into the chair, with strain gauges attached, passing 
data to Max/MSP. (Cook 2013) Cook has cast different drum sticks in 
beeswax, papier-mache, plaster of Paris (which has the feel of chalk), 
chocolate, and moulded a drumstick in unbleached wool. When not in use, 
each sits in a hole in the top of the charcoal grey box. Microswitches at the 
bottom of each recess mean that the speech synthesis patcher 'knows' which 
drumstick is being used at any one time (which hole is empty of a drum-
stick) and so the sound qualities can be directly influenced by the material 
as well as by the effect it has on the drumskin. 
 
 
 
please play 
The instruction 'Please play' alludes to musical instruments––to both prac-
tice and performance––whilst also inviting an experimental, playful ap-
proach to exploring just what sounds can be produced. 
Again, as with any musical instrument, practice would be required to 
explore this relationship between action and sound. We are interested in 
how accessible, rewarding and expressive this might be for people with 
differing musical abilities. This approach has been informed and inspired 
by Cook's Tactophonics, an exploration of intuitive interaction with computer 
music underpinned by the concepts of affordance, and expressive perform-
Figure 38 
Chair No.5 The Under-
mining/Reassuring Chair 
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ance through objects as varied and unexpected as tree branches and baseball 
bats. (Cook and Pullin 2008) 
 
 
 
materiality in interaction design 
This has also led us to consider a role for physical materials as part of the 
user interface. How might the qualities of materials translate into voice 
quality? ‘Waxy’, ‘woolly’, 'glassy', ‘porcelain’, 'dark chocolate', even ‘rich 
fruitcake’ might all bring to mind a particular voice quality. This is dis-
cussed further in 'Andrew Cook meets communication aids' (Pullin 2009a, 
270–283). Here, as elsewhere in interaction design, material qualities offer 
underexplored opportunities for associations that are familiar and intuitive, 
yet abstract and open to interpretation. 
 
Chair No.6–the Terse/Roaring Chair 
Lastly, the Terse/Roaring Chair offers a choice of different tone of voice 
descriptors, taken from a playwright's stage directions. George Bernard 
Shaw's Pygmalion seemed an appropriate source since it concerns people's 
perceptions of others through the way that they speak––albeit that in this 
case the emphasis is on accent and vocabulary projecting social standing 
and class, rather than tone of voice representing personality. In Shaw's 
original Preface, "it is impossible for an Englishman to open his mouth 
without making some other Englishman despise him." (Shaw 1916) 
Shaw's descriptions, from coaxing to coyly, from whimpering to whis-
pering, are more heterogeneous than any of the mental models we have 
borrowed from academic sources. The unified model of the academic is 
Figure 39 
detail of Chair No.5 
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eschewed in favour of the pragmatism of the practitioner, whose goal after 
all is practical, rather than theoretical. This of course is also the motivation 
of people using AAC devices. 
 
17 ways to say yes 
The controls for the different tones are seventeen doorbells. Doorbells were 
chosen for their ubiquity, their instantaneous (rather than latching) switch 
action, their familiar use in triggering sound (of a chime or a human re-
sponse). They are also often encountered, in the case of flats, in number, 
yet not in a 'closed group' (particularly in converted properties, where the 
proliferation of often mismatched doorbells can seem to have emerged over 
time. Finally, when there is more than one, each has a name placed next to 
it, which is important to this chair. 
 
 
 
In communication devices, a selection rather than a manipulation may 
be more appropriate after all, since speech impairment is so often associ-
ated with other physical impairments. But seventeen choices are many 
more than existing AAC devices. The Tango! By Blink Twice (DynaVox 
2009), in many ways the state of the art, allows a child to speak, shout, 
whisper and whine (note, incidentally, that none of these are emotions). 
This is wonderfully expressive for a young child, but for adults tone of 
voice is richer still and more finely nuanced–and more personal. 
 
Figure 40 
Chair No.6 The Terse/ 
Roaring Chair. Above 
each of the 17 doorbells, 
are hand-written descrip-
tors taken from George 
Bernard Shaw's script for 
Pygmalion. Note the 
white pencil and the 
invitation to 'Please 
customise' 
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please customise 
Above each doorbell, the single word description is written in white pencil, 
fitting in with the other rubdown graphics as part of all the interfaces. But 
these words are handwritten––and deliberately untidily, without the auth-
ority or finality of the typeset graphics. 
Alongside the doorbells, a recess containing a white pencil with the sim-
ple instruction ‘Please customise’ hints that we intend people to choose 
their own 17 ways. This is the main purpose of this chair––not to propose 
a definitive set of tones of voice, but rather to invite AAC users, other ex-
perts and other people to reflect on which tones they might choose, and 
why, were they to be limited to just (just!) seventeen. This is also the sub-
ject of the next chapter. 
 
 
 
Figure 41 
detail of Chair No.6 
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all six chairs 
A reminder: 
Chair No.1–the Exclaiming/Questioning Chair 
the 'control', representing common current Text-To-Speech; 
Chair No.2–the Happy/Sad Chair  
representing orthodox affective speech synthesis research; 
Chair No.3–the Offering/Seeking Chair 
Campbell's 'Self, Other, Event', challenging purely emotions; 
Chair No.4–the Rising/Falling Chair 
drawing phoneticians diagrams to produce, not record, prosody; 
Chair No.5–the Reassuring/Undermining Chair 
more abstract, visceral interaction with paralinguistic utterances; 
Chair No.6–the Terse/Roaring Chair 
Shaw's heterogeneous directions of speech, for actors or readers. 
 
the video 
In addition to the artefacts themselves, we created a 3 minute video. This 
features the first three chairs to be completed: No.1, No.4 and No.6. The 
video combines two techniques: fictitious scenarios of use and 'laboratory' 
demonstrations. Scenarios involving each chair in turn are interspersed with 
demonstrations of how that chair was working. 
 
 
 
The scenarios involve a conversation in a pub. The video is filmed from 
a first person perspective, made clearer by use of a handheld camera and 
occasional glimpses of the observer's own hand as he reaches for a drink. It 
emerges that this observer cannot speak, because we hear recognisably 
Figure 42 
video stills from demon-
strations in Six Speaking 
Chairs video (Cook) 
The Six Speaking Chairs 
video can be found on a 
DVD inside the back 
cover of the main thesis. 
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synthetic speech––whereas we hear his human voice when he is thinking 
to himself (a convention familiar from the sitcom Peep Show). 
Opposite him sits a woman (played by Alison Thompson, a graduate of 
Interactive Media Design at the University of Dundee and Design Interac-
tions at the Royal College of Art). We join the conversation mid way, with 
the woman suggesting a venue for a future meeting: 
She: "How about trying that new Italian place?" 
This is how all three scenarios begin. What happens next depends on 
how our observer responds, how they are able to respond when 'speaking' 
through each of the three chairs in turn. That the three scenarios develop 
and end very differently is meant to illustrate that tone of voice has a role 
far beyond the disambiguation of individual utterances: over an entire 
conversation, the use of tone of voice can influence how a conversation 
develops––how engaging it is, how energetic, inspiring or intimate. 
In the first scenario, in which Chair No. 1 is used (unseen––we only see 
the chair itself in the following explanatory demonstration), a lack of ex-
pressiveness has a consequence in itself. 
 
Scene 1 
No.1 The exclaiming/questioning chair 
SHE [smiling]     How about trying that new Italian place? 
HE [thinking, unspoken]    Great 
HE [speaking, synthesised] Yes[.] 
SHE [shaking her head]    Or we could go to the French? 
HE [thinking]     Even better    5 
HE [speaking]     Yes[.] 
SHE [frowning]    Are you–are you sure you're up for it? 
HE [thinking]     Oh dear–better start sounding more enthusiastic  
HE [speaking]     Yes[!] 
SHE [recoiling]    Alright. Just checking.    10 
                               Well, we can go to the Chinese then 
HE [thinking]     Alright then 
HE [speaking]     Yes[.] 
[She looks away–eye contact is lost. The conversation has died]  
 
Notes: 
3   The first spoken yes is represented as "yes [.]" as an on-screen subtitle, alluding 
to the full stop key having been pressed (as opposed to "yes[?]" or "yes[!]"). The 
neutrality of this response suggests a reservation on behalf of the speaker at odds 
with the enthusiasm we 'heard' in his thoughts. 
4   The woman clearly misunderstands, because she makes an alternative suggestion 
5   Again, the response that we know is heartfelt, sounds (on the soundtrack) non-
committal 
7   The woman hears a lack of enthusiasm and seeks reassurance 
8   The man realises what is happening and resorts to the only more positive tone of 
voice available... 
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9   ... which sounds extremely strong 
10 The woman is unsettled by the strength (social ineptitude?) of this response 
11 She tries again, but with perceptibly less confidence and enthusiasm. The mo-
mentum of the conversation is being lost 
14 The conversation is lost. 
 
Scene 3 
No.4 The rising/falling chair 
SHE [smiling]     So do you fancy eating Italian? 
HE [thinking, unspoken]    Sounds great 
HE [speaking, synthesised] Yes 
SHE [still smiling]    Or we could go for a pie and a pint? 
HE [thinking]     Even better    5 
HE [speaking]     Yeah 
SHE [nodding]    Brilliant. I love a good pie. 
   Well there's the Dog and Duck 
HE [thinking, drinking]    Yeah, good pies, but all those stuffed pheasants  
   on the walls 
HE [speaking]     Yes     10 
SHE [recoiling]    Or we could go to the Beetle and Wedge, 
   because there's reggae on the jukebox 
HE [thinking]     Perfect. Agreed then. 
HE [speaking]     Yes 
[She looks away–eye contact is lost. The conversation has died]   15 
 
Notes: 
3   A short, rising "yes" with a positive tone 
6   A long, arching "yeeeeahhh" with an emphatic tone 
10 A shorter, arching, falling–more pondering–"yes" 
11 Not put off, she tries again 
13 He wants to agree this venue 
14 A "yes" with a falling intonation, positive but implying closure 
 
Scene 5 
No.6 The terse/roaring chair 
SHE [smiling]     How about trying that new Italian place? 
HE [thinking, unspoken]    Yeah great 
HE [speaking, synthesised] Yes [appreciatively] 
SHE [still smiling]    OK great. 
   Well why don't we invite Dan and Jemima? 5 
HE [thinking]     Really? And spend the evening listening to him talk 
   about hedge funds for hours and hours and hours. 
   Mustn't sound too unhappy about it though  
HE [speaking]     Yes [uneasy] 
SHE [wincing]     I'm not sure either. Let's not invite them  10 
   Dan can be such a bore 
HE [thinking]     A bit of an arse 
HE [speaking]     Yes [whispering] 
SHE [recoiling]    But, you know, listen to me going on 
   –you can choose next time   15 
HE [speaking]     Yes [coyly] 
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Notes: 
3   He strikes just the right tone... 
4   ... and gets agreement 
9   He manages to register hesitance without sounding too negative 
10 A sophisticated rapport is being established 
15 and they are already talking about the date after next 
 
With subtitles, the video places the different descriptions of tone of 
voice into a conversational context, as well as illustrates how their deploy-
ment might influence, positively or negatively, the development of social 
interaction. 
The video is available online, at http://imd.dundee.ac.uk 
/sixspeakingchairs/video/sixspeakingchairs.mov as part of a project web-
site. 
 
the website 
http://imd.dundee.ac.uk/sixspeakingchairs/ 
"We are interested in the tone of voice of speech technology... 
please do come in >" 
 
the leaflet 
When presenting at conferences, a physical handout can be valuable tool 
for dissemination. This is particularly true of ISAAC, which has up to ten 
parallel sessions, often labelled as being relevant to either 'researchers', 
'clinicians', 'service providers' and/or to people with complex communica-
tion needs and their carers themselves. Seeking a broad audience across 
these groups, we publicised our presentation before the event, by printing 
and distributing a flier. 
This leaflet had the following text: 
Six Speaking Chairs is a research project exploring more expressive interactions with 
text-to-speech technology. Our goal is to bring richer tone of voice into communica-
tion aids for people who cannot speak, but in order to catalyse new directions, we 
are starting with something a little different... The six speaking chairs are part art in-
stallation, part user experience prototypes. They are conversation pieces to have dis-
cussions around with AAC* users, therapists and other experts. Each takes the way 
that a different discipline (phoneticians, sociolinguists, playwrights, musicians...) de-
scribes tone of voice, and uses this as the basis for an intuitive user interface. 
A comparative study of the conversational effectiveness of each chair will inform 
and inspire our next steps. If you would like to contribute or keep in touch with our 
progress, whether an AAC user, carer, therapist, researcher, technology developer or 
manufacturer, then please contact us. 
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Overleaf: customisable doorbells on Chair No 6 - The Terse/Roaring Chair. If you 
could say “yes” 17 different ways (say), what choices would you want? Please write 
to us with your thoughts... 
 
 
 
This proved effective in recruiting the numbers of attendees––and there-
fore responses––reported in the following chapters. 
  
 
Figure 43 
flier introducing Six 
Speaking Chairs at ISAAC 
2008 in Montréal 
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3.1.3    
on 'real-time' and 'pre-packaged' 
 
humanizing Vox Artificialis 
Returning to the paper that plays an important role in this research, 'Hu-
manizing Vox Artificialis: the role of speech synthesis in AAC', Jeff Higgin-
botham mentions both "real-time" manipulation and selection between 
"pre-packaged" variations in the third and final conclusion: 
Finally, we need to develop some semblance of “real-time” expressive control over 
utterance productions. One means of providing control may be to determine what 
ancillary, volitional movements can be tapped to control one or more prosodic di-
mensions. Another option may be to increase the number of communicatively func-
tional “pre-packaged” prosodic variations, providing speakers with different ways 
intone their utterances. (Higginbotham 2010, 65) 
So it seems appropriate to be considering the issue of manipulation ver-
sus selection in more depth. 
 
 
 
describing speech 
Speech is a fascinating medium because it exists in so many different forms, 
at once: it can be studied as sound waves (the rich, complex waveforms 
familiar from traces of voice recordings of jagged, microscopic peaks and 
troughs oscillating within irregular, larger envelopes corresponding to 
sounds and words); these can be analysed in terms of their frequency spec-
trum (where different vowels exhibit different resonant frequencies of their 
'formants', which can be identified across speakers with different vocal 
qualities); the movements of the vocal organs, the 'articulation' can be 
described (the movement of the lips, tongue, jaw and velum and the ac-
tivity of the larynx and lungs); the articulation and frequency perspectives 
select
manipulate
“pre-packaged 
prosodic variations
“real-time 
expressive control
”
”
Figure 44 
mapping Higginbotham's 
notion of "real-time" and 
"pre-packaged" onto 
level of interactions with 
tone of voice 
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can be 'bridged' by reference to idealised geometric resonant filters, 
whether physical or mathematical; the phonemes (individual speech 
sounds) can be transcribed in more ('phonetic') or less ('phonemic') detail; 
the words themselves can be transcribed; or even their meaning linguisti-
cally interpreted. 
There are also different ways of describing tone of voice. Again, there 
are different 'levels' at which we can tap into the qualities of tone of voice. 
We will return to this later, but for now I wish just to make a distinction 
between describing the sound of a tone of voice, directly as it were, and 
describing the 'higher level' qualities that may be interpreted from the 
sound (such as underlying emotion or conversational intent, etc.) 
At the research symposium in Montréal associated with ISAAC 2008, the 
keynote speaker Professor Yves Joanette described six layers of speech, 
building up from a low-level description of the speech sounds themselves 
to a high-level description of the intent: articulation, phonology, lexical 
semantics, morpho-syntax, discourse and pragmatics (the last two areas of 
study having evolved most recently, in the 1970s). All of these are taking 
place simultaneously. 
 
selecting and manipulating tone of voice 
Viewed from a perspective of interaction design, this means that a user 
interface might tap into speech at a number of different levels. For example 
Chair No.2 affords control of the emotion that might be perceived in the 
speech, whereas Chair No.4 affords direct control of the intonation, the 
pitch and timing. Bill Verplank in his Interaction Design Sketchbook (Mog-
gridge 2006) advocates the role of an underlying model or metaphor in 
underpinning an intuitive user interface. The model is clearly different in 
each case. 
Beyond this, alternative user interfaces could differ in whether they al-
lowed someone to select between "pre-packaged" (to use Higginbotham's 
term) tones of voice or to manipulate speech in "real-time". 
The limited control of the tone of voice of current Text-To-Speech is via 
selection: someone can select a full stop, question mark or an exclamation 
mark. Although simple elements of punctuation, these relate to higher-level 
descriptions of tone of voice such as the notion of asking a question, or 
emphasising the words spoken. But if a user interface were to adopt a more 
direct description of the sound itself, then the interface might also involve 
more direct manipulation of tone of voice. To make a musical analogy, 
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current control of tone of voice is akin to playing a harpsichord, whereas it 
might be more like playing a violin. 
Within Six Speaking Chairs, some of the chairs do involve the manipulation 
of tone of voice. That is to say they afford progressive control of qualities 
or parameters. Digitisation of the sensors themselves aside (most return 8-
bit values, integers in the range –127 to 128), we could differentiate be-
tween analogue and digital: analogue for progressive sensors; digital for 
switches with discrete positions. 
 
 
 
a spectrum of manipulation–selection 
Some chairs fit neatly into one category or the other. Chairs No.4 & 5 
clearly afford manipulation of tone of voice; Chairs No.1 & 6 offer just 
selection (albeit that the choice selected between can be changed on Chair 
No.6––of which more later). 
The remaining two, Chairs No.2 & 3, are less clear though: Chair No.2 
has a radio dial and slider switch (in increments of 1.4 degrees). Although 
it is higher-level emotional descriptions that are being navigated, this chair 
is more manipulative than selective since the operator 'tunes in' to their 
desired tone (hence the radio dial), perhaps with a little trial and error, or 
at least with practice over time. Chair No.3 has a set of six two-position 
switches. But, in combination, this gives 64 different 'choices' and the 
multi-dimensionality of this choice. 
So if we think about this as a spectrum of manipulation–selection, Chair 
No.3 is still closer to the 'selection' end of the spectrum, albeit that there 
are many selections in parallel; Chair No.2 (the 'emotional' model) might 
be further towards 'manipulation'. But neither are at the extremes. 
 
select
manipulate
Chair No.1 (computer keys)
Chair No.2 (radio dial)
Chair No.5 (drumsticks)
Chair No.4 (touchscreen)
Chair No.3 (toggle switches)
Chair No.6 (doorbells)
Figure 45 
mapping the Six Speaking 
Chairs onto level of 
interactions with tone of 
voice 
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perspectives from musical instruments 
Digital technology has given us the power to create new voices, both 
spoken and musical, that lay previously unheard. Yet current systems and 
interfaces do not give the users of these voices the full power of expression 
that the low technology of even the simplest traditional musical instru-
ments does.  
 
interaction with musical instruments 
From the perspective of interaction design, thinking of speech synthesis as 
the totally automated transcription of text into speech is limiting, because 
the user is not given control of the way in which the text is spoken. This 
would be akin to a musician only being able to select the notes their in-
strument played, not shape the way these were played, whereas most musi-
cal instruments afford a much greater degree of control and expression. 
Musical instruments, whether mechanical or electronic, are sophisticated 
user interfaces, many having evolved over centuries. They are perfectly 
suited to their purpose, both functionally and aesthetically. Functionally, 
they may allow the player to express themselves musically. They give the 
musician subtle control over many parameters simultaneously: pitch, tone, 
timbre, etc. Aesthetically, they are beautiful to use and interact with. Their 
materiality, tactility, shape and sound combine to give a rich multi-sensory 
experience for the musician, encouraging development of a profound rela-
tionship between player and instrument in which self-expression becomes 
second nature. The instrument becomes an augmentation of the body, the 
musician an inherent part of the system, the role of the player profoundly 
difficult to divide from the role of the instrument.  
Expression lies at the heart of both speech and music. Each allows us to 
express feelings, desires, intentions and ideas, and to communicate these 
with others. The word prosody itself has its roots in the Greek prosoidia, a 
song sung to music. 
 
new inspiration from old speaking machines 
The earliest speech synthesisers shared their technology with musical in-
struments, a mechanical technology that was inevitably manifested in the 
user interface. 
This [von Kempelen's] machine should perhaps be thought of as a musical instru-
ment rather than a mechanical device, since it relied upon the skilled application of 
the hands and fingers of its operator to produce the rather rudimentary sounds it 
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did... Perhaps because of this performative element, it aroused suspicions amongst its 
audiences... (Connor 2000, 351) 
Evidence that I was initially intrigued by manipulation of speech can be 
found in the title of a paper, 'Playing with speech as an expressive instru-
ment' submitted to DIS2006 (Designing Interactive Systems) in December 
2005 before this PhD research began, but not accepted. Taken from the 
abstract: "An alternative approach is to explore interfaces in which the user 
can play with the nuances of intonation, in the way that a musical instru-
ment affords its player freedom of expression. One such exploration is 
described, inspired by historical speaking machines and phonetic theory... 
Ideas from the Speaking Mobile are expanded and applied to the area of 
communication aids for adults and children with speech and language 
impairments." 
Many of the details of the Speaking Mobile made reference to musical in-
struments so as to suggest and invite this engagement. The keys are taken 
from an old flute, mounted into the body of the phone with micro-
switches behind them. Springs provide delicate resistance, and the felt pads 
a soft stop when the key is closed. Even the feel of the initially cold metal 
keys change one’s perception of the interaction, lending an appropriate 
feeling of sensitivity and expressiveness. Trying the Speaking Mobile feels 
much more like playing a musical instrument than operating a computer. 
 
computer music and communication aids 
My research partner Andrew Cook is also a computer musician. “Sitting at a 
laptop, using keyboard and trackpad, you are just making choices,” he says, 
more a process manager than a performer, "commanding the computer’s 
actions from the highest level, forsaking real-time control of those subtle 
nuances that make music so expressive." (Pullin 2009a, 273) 
There are definitely similarities between some of the issues facing com-
puter music and those in AAC, each arising from rather old-fashioned 
views of how we should interact with computers. A person using a com-
munication aid is also restricted to making selections—selecting words and 
basic intonation via punctuation. In AAC, though, user interfaces are fre-
quently built to be accessed through a single switch or a switch array in-
stead of even a keyboard, in order to accommodate a wide range of phys-
ical impairment that may accompany speech impairment. These additional 
restrictions take the role of the user even further toward Cook’s notion of a 
process manager. 
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As recording artists, computer musicians now have access to more free-
dom than ever before. Yet as performers, they may struggle to connect 
with an audience. Music performed directly from laptop computers can be 
a deeply dissatisfying experience for an audience, since listeners cannot tell 
what sounds are pre-stored, which are being manipulated in some way 
during the performance, and which are being instigated live. As a computer 
musician himself, Cook was equally inspired by his frustration as a per-
former: “Giving a performance can be an unrewarding experience because 
it is so difficult to establish a rapport with an audience, so difficult to get a 
reaction at the time.” The most spontaneous improvisation may be misread 
as a skilfully crafted prerecording. 
Communication aids less obviously suffer from the same issues of un-
readability. It may not be clear to their conversational partner what control 
a person has over their AAC device’s tone of voice, and there is a danger in 
this ambiguity either way: if it is assumed that the user is in control of the 
fine nuances of intonation (which current devices do not allow) and this 
intonation is inappropriate, then the user may be held socially inept; 
whereas if the other person’s perception is that there is no control, that the 
technology is determining intonation on the user’s behalf, then it might be 
assumed that the user is not capable of deciding, perhaps that they are 
emotionally impaired. So there is not only an issue of controlling tone of 
voice but also of being seen to be in control of the tone of voice. 
A more expressive communication device would take more practice to 
use skilfully. The nouns 'performance' and 'use' each imply very different 
demands and expectations. What if a communication aid sounded different 
if the keys were punched than if they were pressed, if manual nuance were 
translated into vocal nuance? How much practice would be appropriate to 
master this? Would it be unethical to design more expressive communica-
tion devices that demanded good motor control, given that speech impair-
ment is often associated with other physical impairments? Or might more 
expressive but more demanding interfaces in turn inspire new approaches 
for people without fine motor control? 
Real-time manipulation of speech within communication aids is cer-
tainly fascinating on so many different levels––yet was not after all the 
direction that this research project evolved. 
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3.1.4 
17 ways to say yes  
 
The Six Speaking Chairs are an outcome and output in themselves. They docu-
ment some of the mental models uncovered during the literature search. 
But once created, they could also be used to elicit further knowledge. Their 
role as interactive prototypes is the subject of the associated thesis of my 
research partner, Andrew Cook, Studying interaction design by designing interactions 
with tone of voice. (Cook 2013) 
In order to make a clear distinction, this thesis will confine itself to fur-
ther insights from the chairs through their role as illustrations rather than as 
experiences; as static, passive, non-interactive visualisations of diverse men-
tal models of the representation of tone of voice. 
 
17 ways sheets 
The 17 ways to say yes exercise was carried out on two occasions: the first on 
6 August 2008, at ISAAC 2008 in Montréal, with an audience including 
AAC clinicians, AAC users, manufacturers and researchers; the second on 1 
June 2009 at the Centre for Speech Technology Research at the University 
of Edinburgh, with an audience including speech technologists, linguists 
and psychologists. 
In each case Six Speaking Chairs was presented by Pullin and Cook and the 
video shown, although the chairs were not present as interactive proto-
types. Following the presentation, members of the audience were given a 
blank sheet of A4 paper and asked to list (or record in some other way––
whether to map or draw, etc.) the tones of voice that they would person-
ally value the most, were they restricted to just seventeen tones of voice for 
the rest of their lives. Roughly five minutes was given for this exercise. 
The exercise was in the manner of Chair No.6 The Terse/Roaring Chair, 
on which a white pencil lies in a trough below the hand-annotated 17 
doorbells, with the invitation to 'Please customise'. Initially its purpose was 
to engage an audience through participation––and also to serve as some 
sort of evidence of engagement, given that it is an exercise that demands 
imagination. We also hoped that the responses might help inform the sec-
ond stage of the project, as a collective list of tones of voice against which 
we might gauge the flexibility of any single user interface that might be 
taken forward. 
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In the event the exercise was more influential than expected. The re-
sponses were so rich as to invite a degree of analysis, which afforded fur-
ther perspectives on the nature of tone of voice, as described by laypeople 
(and/or speech-related professionals not at that moment adhering to a 
formal method of nomenclature). This will be expanded upon in the next 
sections. For now though, the 40 responses represented new thoughts and 
conversations provoked by the Six Speaking Chairs. 
 
  
 
 
See appendix C for raw 
data; see 3.2.1 '257 ways 
to say yes' for analysis of 
the data. 
Figure 46 
detail of a sample re-
sponse from the 17 ways 
to say yes exercise 
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3.2    
designing for people without speech
A second phase of research addresses a second set of research questions––
questions that evolved during the first phase:  
Q2.  How might future user interfaces support the ways people (already) 
think about tone of voice? 
Q2a.   Just how heterogeneous are the ways that people (already) use to 
describe tone of voice? 
Q2b.  How might this heterogeneity be supported by a coherent, intui-
tive yet expressive user interface for future AAC devices? 
Q2c.   How might people engage with such a user interface? 
Q2d.  What design principles or guidelines could be distilled from this 
illustration, that might underpin future concepts for controlling nu-
anced tone of voice in AAC? 
This section of the thesis begins with 3.2.1 257 ways to say yes, analysis 
of the exercise in descriptive research, '17 ways to say yes', that involved 
collecting data from audiences that had been exposed to the chairs. Analysis 
of these responses was influential in informing and inspiring the next pro-
ject: it confirmed that ways of describing tone of voiceare more heterogen-
eous than an emotional model suggests and, significantly, that this hetero-
geneity exists within individuals, not just between them. 
3.2.2 Speech Hedge introduces the design concept created with Ryan 
McLeod as research assistant (research content and direction was the 
author's; design was collaborative; implementation was McLeod's). Speech 
Hedge is a visualisation of how tone of voice might be made available to a 
user of an otherwise conventional communication aid. This was not an 
exercise in technical feasibility, and instead continued to explore the 
equally important issue of how laypeople (as opposed to speech technolo-
gists) might be offered control of subtle and nuanced tone of voice. It also 
embraced the findings from the '17 ways to say yes' exercise––that different 
people think about tone of voice in different ways. 
In 3.2.3 a million ways to say yes, the Speech Hedge concept was exposed 
to AAC audiences to give a sense of how engaging and intuitive it might be. 
Their responses are broadly examined and discussed. 
3.2.4 on performance and preparation is a return to Higginbotham's 
distinction between "real-time" and "pre-packaged" choices of tone of 
voice in the light of the Speech Hedge interface. 
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In 3.2.5 six design principles, a set of design principles is distilled from 
Speech Hedge, such that the design of alternative user interfaces, with different 
visual languages, interactions and technologies, might equally be informed 
and inspired. These principles explore the possibilities for disabled people 
to customise their own communication devices within a peer support net-
work, issues that relate to current themes in inclusive design in general as 
well as priorities in AAC in particular. 
 
  
3.2.1 
257 ways to say yes 
 
the data returned from the 17 ways sheets 
Of 44 total respondents, 40 returned lists or other forms in which individ-
ual tones of voice could be individually transcribed. Four were unable to be 
analysed with the others: two from ISAAC did not define alternative tones 
of voice and two from CSTR suggested multiple axes on which tone of 
voice could be parametrically plotted but did not answer the exercise itself. 
The majority, 25, were from ISAAC; a minority, 15 from CSTR. 
520 individual tones were listed by 40 respondents (an average of 13 
each—not everyone completed 17 tones of voice, whether not in the time 
available, approximately 5 minutes, or because they preferred to list fewer). 
The first task was to collate these, combining equivalent descriptions: for 
example, combining 'encouragement' (1 respondent) , 'encouraging' (2 
respondents) and 'encouragingly' (5 respondents). This consolidated 520 
different descriptions into 257 distinct descriptors. 
 
analysing the data 
Looking at the responses, it was clear that whilst some descriptors––for 
example 'angrily', 'joyously', 'sleepily'––might be said to describe the emo-
tional state of the speaker, others––for example 'patronizingly', 'reflec-
tively', 'whispering'––did not. It was interesting to sort them into categories 
to see what other perspectives were involved. 
 
See Appendix C for data 
and analysis from 17 ways 
to say yes and Speech 
Hedge exercises. 
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deriving four perspectives 
Four perspectives were not pre-conceived, before the data was analysed, 
but neither were they wholly derived from it in the methodology of 
grounded theory. They emerged whilst analysing the data.  
An external starting point for deriving a number of perspectives is Nick 
Campbell's notion of 'self', 'other' and 'event'. (Campbell 2004) In Camp-
bell's terminology, 'Self' combines emotion (happy/miserable or unheal-
thy) and interest (interested/not interested). 'Other' combines the relation-
ship with a conversational partner (friend/stranger) with the social setting 
(formal/informal). 'Event' refers to the Speech Act, combines what is being 
communicated (information/affect) with the direction of communication 
(offering/seeking). (Campbell 2004) 
I have re-expressed 'self', 'other' and 'event' as 'emotional state', 'social 
context' and 'conversational intent'. There are slight modifications: depend-
ing on what is meant by 'interest', whether visceral excitement or intellec-
tual engagement, this might end up mapped onto 'emotional state' or 'con-
versational intent'; and the distinction between information and affect is 
reflected in a distinction between the categories 'conversational intent' and 
'emotional state', rather than within the former. 
What Campbell's categories still do not include, however, are descriptors 
in which the vocal sounds themselves are being described, directly––for 
example 'whispering' (whether through fear or social etiquette) or 'laugh-
ing' (whether amusedly or nervously). Some of these more direct descrip-
tions (whispering, breathily, slurry) of vocal qualities are ironically closest 
Figure 47 
four perspectives on 
describing tone of voice 
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to SSML and speech technologists' jargon. But others are not, for example 
'Tiggerish'. 
So a fourth category will be added of 'vocal quality', leading to: 
Emotional state––describing tone from the perspective of the speaker's 
emotional state; 
Conversational intent––from the perspective of intent or the likely effect; 
Social context––in terms of the speaker and listener's relationship, status 
or social context; 
Vocal qualities––describing the quality of voice directly or indirectly 
(e.g. like dark chocolate). 
The figures are taken from Gerd Arntz's signs for the Isotype system (Neu-
rath 1936)––like the mental models, these are yet more found objects. 
 
 
 
 
mapping onto four perspectives 
Each of the 257 descriptors was classified according to one of the four 
perspectives. Sometimes these were straightforward, at other times subjec-
tive (so the full lists and classifications are attached in the Appendix): 
 
 
 
If allowance is made for the repetition then, since the basic emotions––
happily (14 times), sadly (15), fearfully (8), angrily (19)––are well-
Figure 48 
examples of Gerd 
Arntz's signs for the 
Isotype system (Neurath 
1936) 
Figure 49 
mapping 257 tones 
against 4 perspectives–– 
each complete icon 
represents ten of the 257 
tones. The perspectives 
are reordered in layers, 
from the most direct 
description of speech 
sounds, to the context of 
the entire conversation. 
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represented (and who is to say that each respondent doesn't mean some-
thing a little different, which would also argue for them being accounted 
for individually), then the proportions of all 500+ responses are: 
 
 
 
heterogeneous responses 
Not just do different people think about tone of voice in different ways, but 
almost all of the respondents mixed emotional, vocal, conversational and 
social perspectives within their own responses. Laypeople and even many 
experts are more like George Bernard Shaw in their creative mixing of 
different perspectives than they are like Harold Schlosberg in sticking to a 
single perspective. (Shaw 1916, Schlosberg 1954) 
This is fundamental and profound and challenges the assumption that a 
single mental model, itself probably based on a single perspective, should 
shape the user interface. It is this traditional approach that is embodied in 
emotional interfaces conceived in terms of interpolations between four or 
six primary emotions—maps of tones of voice from just one perspective. 
 
other perspectives of the four perspectives 
In order to reinforce the idea that this research is not attempting to develop 
a new framework of tone of voice––and certainly cannot claim to have 
'proved' the validity of such––it would be even more appropriate to have 
discovered an existing model that combined different perspectives on tone 
of voice. Just as the chairs borrowed credible models of tone of voice itself. 
Figure 50 
mapping 257 tones 
allowing for frequency––
in this mapping each icon 
represents ten of the 520 
total responses 
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Campbell's 'Self, Other, Event' is obviously a candidate, given his explicit 
challenge to the emotional model of tone of voice. (Campbell 2004) But it 
is inherently complicated, given that the parameters of 'Self', 'Other' and 
'Event' co-exist. It would be possible to analyse the 257 descriptors in terms 
of which could be expressed simply in terms of 'Self', and therefore the 
internal emotional state of the speaker, and which demanded additional or 
alternative consideration of 'Other' and 'Event', in other words the relation-
ship between the two people, the social context in which they find them-
selves and the conversational intent of the speaker. But it is not ideal in this 
instance, because of its multidimensional nature––it would demand a com-
plicated parametric classification of tone of voice descriptions, rather than a 
simple––simplistic but illustrative––sorting of descriptors into different 
categories. 
Jakobson's Verbal Functions (Jakobson 1960, summarised in Wilkins 
2006, cited in Higginbotham 2010) are very interesting in this context, 
even though they were not conceived to describe tone of voice. Jakobson is 
rather describing the overall function of spoken language: choice of words 
as much if not more than prosody. Jakobson's expressive function 
("speaker's emotion, attitude is expressed") explicitly covers the conven-
tional classification of tone of voice based on the emotional state of the 
speaker. His directive or conative function ("speaker uses utterance to get 
the interlocutor to do something") relates to conversational intent, albeit 
the most direct forms of intent. His social or phatic function ("speaker uses 
utterance to signal social relation and social information") maps directly 
onto our social context. And the poetic function ("the speaker's utterance 
shows creative elements") would include deploying vocal qualities for 
aesthetic affect. 
We have already considered how the tone of voice of the utterance 
"hello" can serve all six verbal functions, depending on tone of voice. What 
happens if we consider descriptors of tone of voice themselves? 
It could be interesting to re-map the 257 tones of voice onto Jakobson's 
six verbal functions. Especially interesting would be which might map onto 
the categories of referential function ("speaker uses utterance to describe 
states of affairs and objects") and metalinguistic or reflexive function ("the 
speaker's utterance refers reflexively to language structures and use, e.g. 
"Speak more slowly please""), which are the least covered by our four 
perspectives. Tone of voice can be used to give the statement "A is true" a 
meaning of "A is true––and this is surprising". Does this add another func-
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tion on top of a referential function, or is it all part of the referential func-
tion? 
But where would whispering fit in Jakobson's model? Whispering can be 
employed functionally, in order not to disturb others. It can denote a dan-
ger, and an associated fear: is this then an expressive function? It can be 
used to signal the confidentiality (for any of a number of reasons: secrecy, 
privilege, offence) of what is being said. Is this a referential function? Con-
fidentiality itself indirectly implies trust in a conversational partner or mis-
trust in others. Is this the social function? Whispering can be employed to 
encourage a conversational partner to whisper themselves. Is this then a 
metalinguistic function, even if if the speaker doesn't actually say "Speak 
more quietly please"? It can be employed for aesthetic effect, for example 
when reading a story aloud. Surely a poetic function, even if also others at 
the same time? 
Maybe 'whispering' is insufficient as a descriptor of tone of voice, on its 
own. Just as some other direct descriptions of voice quality can be insuffi-
cient, such as 'with a raised voice' or 'loudly': 'loudly' as in boisterously 
enthusiastic, or explosively angry, and so on? Perhaps 'whispering, con-
spiratorially', 'whispering, pleadingly', 'whispering, afraid' are the bare 
minimum. 
Or could 'whispering' suffice, since there are other clues in the words 
and context themselves, able to be understood by the conversational part-
ner? (and perhaps also the speech synthesiser?) Whilst it has been argued 
that prosody cannot be inferred from text alone––hence the very need for a 
user interface for AAC devices, rather than automatic linguistic analysis 
within the speech synthesis engine––might it nonetheless be impossible to 
entirely separate the two? Is not a "No!" [joyfully] rather different from a 
"Yes!" [joyfully]? Does an apparent contradiction between what is being 
said and how it is being said give an added complexity and richness to the 
actual prosody, or just to its perception and interpretation? But these deep 
considerations are beyond the scope of this research (and neither have they 
been found in associated research literature). 
To close this train of thought (which could too easily expand, beyond 
the scope of this thesis), it is the inclusion of direct description of Vocal 
qualities that most fundamentally differentiates these four perspectives, as a 
set, from any number of models that might exist with origins in linguistics, 
psychology––and, conversely, the inclusion of perspectives other than 
direct description of Vocal qualities that differentiates the set from a pho-
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netic approach. The authority for adopting this new approach––which 
returns to the nature of this analysis as descriptive research––is that laypeo-
ple and AAC users already reach for a heterogeneous mix of these perspec-
tives when intuitively describing tones of voice themselves. 
 
re-examining the Six Speaking Chairs 
In hindsight, the Six Speaking Chairs map onto these different perspectives 
in different ways: 
Chair No.1––the Exclaiming/Questioning Chair is primarily concerned 
with conversational intent (stating vs. asking...) 
Chair No.2––the Happy/Sad Chair  is based on a detailed choice of emo-
tional state. 
Chair No.3––the Offering/Seeking Chair combines simpler emotional 
state, social context and conversational intent. 
Chair No.4––the Rising/Falling Chair affords direct control of vocal 
qualities, namely pitch and timing. 
Chair No.5––the Reassuring/Undermining Chair explores conversational 
intent through indirect control of vocal qualities. 
Chair No.6––the Terse/Roaring Chair combines emotional state, social 
context and conversational intent and vocal qualities. 
Between them they illuminate the whole landscape but, because of their 
diversity, without implying that either a multidimensional or one-
dimensional is superior. 
 
 
 
 
Figure 51 
mapping the 4 perspec-
tives against the Six 
Speaking Chairs 
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all four perspectives 
To summarise, the first tentative conclusion is that this data challenges a 
purely emotional perspective, since emotional descriptions account for less 
that half of the total responses. 
This is not to say that it refutes the emotional model in the sense that 
tones might be mapped according to emotions and people might learn to 
think of tones in terms of this emotional mapping. But the emotional 
model does not seem to represent the way that our respondents thought 
about tone of voice. The intention of this research is to be influenced by 
the descriptors that people already reach for when asked to describe tones 
of voice. 
A model of four complementary perspectives has been developed to af-
ford a broader view. The second conclusion is that, when laypeople's de-
scriptions of tone of voice are viewed through this model, all four perspec-
tives are found to be making a substantive contribution. 
The proposal, therefore, is that all four perspectives should be included 
when new interactions with nuanced tone of voice are designed. This 
would at least reflect the breadth of ways that people (laypeople, not 
speech technologists or phoneticians) currently think about tone of voice, 
rather than constraining this through a narrower model, even if there will 
be other constraints involved. 
 
checking the mapping 
In case the author's mapping was influenced by any pre-existing scepticism 
about the sufficiency of the emotional model, it has been checked against 
another researcher's mapping of the same data. Shannon Hennig is a re-
searcher into AAC, an American working in Italy with a background in 
speech and language therapy. Her mapping was as follows (also attached): 
 
 
Figure 52 
Shannon Hennig's map-
ping of the 257 tones 
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Even less in terms of emotional state, and more in terms of social context 
and vocal qualities. And she felt comfortable defining the emotional, even 
if the distinction between social and conversational felt more ambiguous to 
her: 
I found the emotional and the vocal the easiest 
Social and conversational -- well I found that I put things into social if the voice 
style had more to do with building up/down aka influencing the relationship be-
tween people 
and conversational for me was more about pragmatics and discourse manage-
ment.  Like questioning or affirmatively was more conversational where warmly was 
more social 
I found in my head I was using the terms relationships management versus dis-
course management for social and conversational -- dont' know if that helps at all. 
your terms are more friendly.  I just interpreted them in my own jargon:) (Shannon 
Hennig, personal correspondence, August 17, 2012) 
This check seems to add weight to the original conclusions. 
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3.2.2 
Speech Hedge 
 
In Speech Hedge (Speaking Unit 2010), with Ryan McLeod, a concept user 
interface has been designed, at an outline level. The outputs of the Speech 
Hedge project have been a video and a website created by Ryan McLeod and 
several presentations by the author. The video shows speculative user scen-
arios and different uses of Speech Hedge by different people without speech 
(in the video one is played by a person without speech, one by a speaking 
person). The website introduces the project, hosts the video and also con-
tains an instructional demonstration, a walk-through in which visitors can 
try dragging leaves to assemble a tone of voice—although this is just a 
simulation, using a few pre-stored tones, not an experience prototype. 
 
Speech Hedge video 
The video is 2 minutes 39 seconds long, and currently hosted on Vimeo 
(http://vimeo.com/14582462), linked from a Speech Hedge webpage. 
(Speaking Unit 2010) The video comprises four short scenes, unfolding the 
features of the Speech Hedge concept. The script is included here, rather than 
in an appendix, in the hope that it serves as a good introduction to the 
different layers of interaction: 
 
 
 
Scene 1 
Sophie discusses a tricky case with a work colleague 
Sophie is meeting a work colleague in a canteen. They are sitting facing each other 
across a small table, drinking coffee. 
 
COLLEAGUE [speaking]     It's a pretty tricky case–– 
    do you think it's ready to go to the client? 
 
Sophie types into the speech generating device on the table in front of her and 
presses the key to trigger speech. This has an Apple iPhone connected to it, docked so 
Figure 53 
frames from Scene 1 of 
the Speech Hedge video 
The Speech Hedge video 
can be found on a DVD 
inside the back cover of 
the main thesis. 
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that the two products are side by side. We see the word 'Formally' displayed on an 
iPhone beside it, above a diagrammatic plant with four grey leaves. 
 
SOPHIE [speaking, synthesised]    No ['Formally'] 
 
'Formally' seems to describe the tone of voice of Sophie's synthetic speech, which is 
fairly abrupt, although not impolite. 
 
COLLEAGUE [speaking]     Fix those problems, that'll be good enough, 
    won't it? 
SOPHIE [thinking, unspoken]    Mmm, got to be sincere... 
 
Rosie presses the iPhone screen, which scrolls to 'Firm', above a plant with two grey 
and two green leaves, then 'Appreciative' above a plant with eight leaves of greens, 
blues and orange. We pause on each one, and Sophie's poised thumb implies that she 
is contemplating each in turn, before moving on to the next. Finally the screen dis-
plays a 4 by 4 grid of sixteen smaller plants, each with differing numbers of multi-
coloured leaves and the word 'At Work' above the menu. 
 
SOPHIE [thinking, unspoken]    Hmmm... nothing's quite right 
 
a constrained in-conversation interface on an iPhone 
This first scene shows the Speech Hedge concept in use, in live conversation. 
Sophie can continue to type and speak through Text-To-Speech on the 
Lightwriter, but now has control of the tone of voice of the synthesised 
speech through a separate user interface on an iPhone. 
Each tone of voice is represented by a diagrammatic 'plant'. These are 
quite varied: between two and eight leaves, of many different colours. A 
plant with four grey leaves is labelled 'Formally'; a plant with two grey and 
two green leaves is labelled 'Firm'; a plant with eight leaves of greens, blues 
and orange is labelled 'Appreciative'. 
 
 
 
Figure 54 
a plant representing a 
tone of voice, this one 
labelled 'Formally', on the 
Speech Hedge interface–– 
note the miniature 
hedgerow of sixteen 
plants at the bottom of 
the iPhone screen 
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Although we only see a few different plants, this variety hints at the pos-
sible existence of many, many more. 
Initially we see each filling the entire screen, and Sophie scrolling be-
tween them by pressing the left- or right-hand side of the screen, where 
there are arrow buttons. There is a line of miniature plants at the bottom of 
the screen which represents the order of these plants. 
Finally, we see Sophie press the miniature row of plants, and the screen 
reconfigures into a 4 by 4 grid of sixteen plants (displayed smaller than the 
initial single plants, but larger and more legible than the miniature plants in 
the row). This array is labelled 'At Work', implying a menu of choices for 
use in this particular context. 
 
 
 
Whereas the plants seemed to offer open-ended variety, the 4 by 4 grid 
is a closed set: there are no scroll arrows visible any more. The only choices 
visible are to select one of the sixteen. 
Thus, at any point in live conversation, a choice of sixteen (or seventeen, 
if no selection is made and the default, in some ways 'neutral' tone of the 
TTS synthesiser would be employed) tones of voice are available. Once 
again, the number seventeen has a deliberately arbitrary quality to it. What 
is meaningful though is how much greater this is than three, the most 
common current choice, yet how much more constrained than a choice 
between any tone of voice that a person might reasonably reach for (be this 
257 or more).  
They are available at a single press, equating to the 'overhead' of select-
ing a full stop, exclamation mark or question mark on a conventional TTS 
device: this is important, given the accepted importance, previously dis-
cussed, of speaking rates using AAC devices. (Portnuff 2006, Judge 2010) 
Figure 55 
4 by 4 grid of sixteen 
plants, this one labelled 
'At Work', on Speech 
Hedge interface 
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facilitating use 'without thought' 
It is very important that the interface, however expressive, does not distract 
too much from the conversation itself. Fukasawa's concept of 'without 
thought' is relevant. (Fukasawa 2007) 
The different colour palettes of the individual tone of voice 'plants' plays 
a role. With time, a person would be expected to identify a particular tone 
as much from the shape and colour combination of the plant as from the 
text description, relying on a glance rather than always having to read the 
label. 
The other facilitation would be simply that a tone need not be specified 
at all, resulting in a repeat of the last tone (if a single plant is displayed, 
having been selected) or else a so-called neutral tone (if the 4 by 4 grid is 
displayed and none are currently selected). 
 
mobile platforms as disruptive technology 
The iPhone is already being used as a communication device. There is even a 
UK-based website called 'AppsForAAC' (http://www.appsforaac.net/ ac-
cessed 24 July 2012) started by Will Wade, an Occupational Therapist at 
the ACE Centre, Oxford, a centre that provides independent advice, assess-
ments and training to enable access to technology for individuals, including 
children, with significant communication needs. According to 
AppsForAAC, "As of right now, there are 244 apps listed in total, 54 of 
which are free, 15 of which are above £100.00 and 91 apps below £8.00" 
(http://www.appsforaac.net/ accessed 24 July 2012).  
Even the more expensive mobile apps such as ProLoquo2Go, "a full-
featured augmentative and alternative communication (AAC) solution for 
people who have difficulty speaking" designed for both iPhone and iPad, 
retails at around $190 (roughly £120) on the Apple iTunes App Store 
(http://itunes.apple.com/us/app/proloquo2go/id308368164?mt=8 
accessed 24 July 2012). This as opposed to £3,300 for a Toby Churchill 
Lightwriter SL40 (http://www.toby-churchill.com/files/downloads/ 
PricelistNov2010.pdf  accessed 24 July 2012) and more for other dedicated 
hardware devices. 
This development was a theme of the AAC–RERC State of the Science 
conference, Jeff Higginbotham describing mobile computing as a "disrup-
tive, destabilizing, revolutionary technology" in the context of AAC and a 
"challenge to existing institutions". (Fager and Higginbotham 2012) 
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The field of assistive technology, and accessibility in general, is reaching an inflec-
tion point. The rapid proliferation of computing platforms is making it impossible 
for vendors to support their products across the platforms their users are adopting. 
The advent of low-cost smart phones and tablets is rapidly dropping the price of AT 
eliminating the margins vendors depended on for R&D, outreach, and post sale sup-
port. And the increase in built-in accessibility for some types of disability is remov-
ing some of the easy AT customers leaving vendors with only more expensive to 
support customers. And ICT is now moving to the cloud, SAS is replacing software 
products, and ICT is being designed by millions of web app developers rather than a 
few software companies. As a result our past approaches to AT and accessibility sim-
ply won’t work as we move forward. (Vanderheiden 2012) 
The situation, at least at the moment, is that US insurance companies 
will cover the cost of dedicated devices, but not the new apps. This situa-
tion may change––and if it were to, even more disruption to existing ser-
vices and business models would result. 
 
cooperating devices 
The video shows an AAC device and a mobile platform connected and 
working together, which may be an interesting alternative to the current 
dilemma of third party apps on mobile devices or specialist hardware de-
vices. The main reason that it is shown with a Lightwriter and iPhone com-
bined, is to make it really clear which is doing what: the Lightwriter remains 
a Text-To-Speech communication device; the iPhone is providing additional 
nuance of tone of voice, through a separate user interface. In this way tone 
of voice is given a visible presence throughout. As with the Six Speaking 
Chairs, making the invisible visible is an important agenda. 
Of course, were this capability to be offered on a communication aid, it 
could be designed as an integral part of a single user interface. On the other 
hand, if a symbiotic relationship between a communication aid and a mo-
bile platform (for example, in order to provide mobile communication or 
other online or cloud-based services) then why not use the mobile device 
for an extended and intensely graphical user interface for tone of voice? 
Although the Lightwriter was kindly lent by Toby Churchill Ltd, the reason 
for choosing an old-model Lightwriter SL35 was mainly in terms of art direc-
tion. It is squarer, and the iPod touch/iPhone would dock alongside it, whereas 
the newer Lightwriter SL40 has curved sides. The aesthetic of the SL35, being 
more restrained, 'sits' better with the Apple product. 
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Scene 2 
Sophie crafts a new tone of voice 
Sophie is at home. She sits down at her Apple iMac computer (which has a large 
screen). She scrolls over the application icons at the bottom of the screen and 
launches the browser, Google Chrome. The browser window opens and she clicks on a 
tab. The white home page of the browser is replaced by a black page. Sophie enters 
her username and password and signs in. 
A welcome page now appears, with a six-leafed plant in the top left-hand corner, 
out of which is projecting a speech bubble containing the words "speech hedge". At 
the top of the screen, "Welcome Sophie" is displayed, under which appear three 
rows of miniature 'thumbnail' plants, with a mix of diverse-coloured leaves. In the 
middle of the screen is the message "We thought you might like... Disgruntled" and 
a large view of a seven-leafed plant with brown, orange, green, grey and red leaves. 
 
SOPHIE [thinking, unspoken]     Right, I'll see what I can come  
     up with 
 
Sophie selects 'Create' from a menu on the left-hand side. The lower half of the 
screen is now flanked by sixteen coloured 'leaves' (which are the same shape as the 
speech bubble).  
 
SOPHIE [thinking, unspoken]     OK, so it needs to be polite... 
 
She drags a cream-coloured leaf, labelled 'politely', to the bottom of the screen, 
where it becomes a two-leaf 'seedling'. This also triggers a synthesised voice: 
 
COMPUTER [speaking, synthesised]    Yes [with a rising then falling 
     intonation] 
SOPHIE [thinking, unspoken]     ... formal... 
 
She drags a grey leaf from the right-hand side, labelled 'formally', to the bottom of 
the screen, where it attaches to the seedling as a third leaf: 
 
COMPUTER [speaking, synthesised]    Yes [now with a flatter  
     intonation] 
SOPHIE [thinking, unspoken]     ... and slightly questioning? 
 
She drags a white leaf from the right-hand side, labelled 'questioning', to the bottom 
of the screen, where it becomes a fourth leaf, alongside the grey: 
 
COMPUTER [speaking, synthesised]    Yes [now with a more rising  
     intonation] 
SOPHIE [thinking, unspoken]     No, that doesn't work. 
Figure 56 
frames from Scene 2 of 
the Speech Hedge video 
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She plucks the white leaf from the plant and it evaporates in black space. She replaces 
it with a turquoise leaf labelled 'emphasising': 
 
COMPUTER [speaking, synthesised]    Yes [now with a more subtle in
     tonation] 
SOPHIE [thinking, unspoken]     Perfect. 
 
Underneath the four leafed plant is a text box marked 'Name & Save'. Sophie clicks 
the cursor on this and types in 'Simply Sincere'. When she finally selects 'Save', this 
name is displayed in large text under an image of the plant. 
 
SOPHIE [thinking, unspoken]     OK. Let's try it out. 
 
Sophie clicks on a menu item labelled 'Sync'. A dial of sixteen multicoloured leaves 
animates simultaneously on the computer screen and the screen of her iPhone. In the 
centre of the sweeping dial a percentage counts up from 0% to 100% and then 
'Complete'. Sophie brings her Lightwriter and iPhone to the front of the desk. The 
iPhone interface is displaying 'My Hedges', four rows of miniature thumbnail plants 
labelled 'At Work', 'With Geoff', 'Out With The Girls' and 'Basic' (the first three have 
diverse multi-coloured plants; the last has plants that are all two-leaf seedlings, sug-
gesting that this is a factory-default hedge). She selects 'At Work' and the screen fills 
with a 4 by 4 grid of sixteen plants. She selects the top left-hand plant, labelled 'Sim-
ply Sincere'. The cream, grey and turquoise plant 'Simply Sincere' now fills the 
screen.  She types in 'YES' on the Lightwriter keyboard and presses its 'Speak' key: 
 
COMPUTER [speaking, synthesised]    Yes [with the intonation Sophie 
     called 'Simply Sincere'] 
 
assembling plants from leaves 
In the second scene of Speech Hedge video, we see that users create 
'(hedge)plants' by combining different types of 'leaves'. This is done by 
dragging and dropping individual leaves from an array of alternatives.  
 
 
 
Just how these tonal elements are combined in practice, within the 
underlying speech technology, is not clear yet—and could be explored 
Figure 57 
creating a hedgeplant by 
dragging individual leaves 
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through future research. An unsuccessful proposal for a collaborative re-
search project with the Centre for Speech Technology Research at the Uni-
versity of Edinburgh would have explored whether elements might be 
combined as digital filters in series or in parallel, or be combined in a more 
parametric model. (Pullin and Clark 2011) Whatever the implementation, 
whether within the TTS engine or maybe post-processing, after the TTS has 
been generated, this needn't necessarily be reflected in the interface itself. 
Because each plant is a diagram of the elements that made it, the recipe 
of a tone of voice is legible (and also brought out in a percentage composi-
tional makeup). This should help people to develop a feel for how tones 
can be combined, to complement and inspire their own hands-on experi-
ments. 
 
mixing the emotional, vocal, conversational and social 
In Speech Hedge, tones can be built up using 16 different (coloured) leaves, 
four each from the four perspectives on tone of voice. 
The sixteen elements are: 
vocal qualities 
breathily; loudly; high voice; rich voice 
social context 
politely; brusquely; warmly; formally 
conversational intent 
emphasising; questioning; confrontational; reflectively 
emotional state 
pleased; sad; energetic; bored 
To make this more memorable, some of the colours correspond to their 
tones (sky blue: breathily, red: loudly, dark chocolate: rich voice, grey: 
formally, grey-blue: sadly, bright orange: energetically, putty: bored). To 
make the interface more beautiful, the other colours are chosen to create a 
coherent palette. 
Each '(hedge)plant' is a combination of these leaves, up to a maximum 
of eight leaves. Each plant begins as a pair of matching leaves for aesthetic 
reasons but also to communicate that it is already viable at this size. No 
further leaves need be added if not required. 
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starting with everyday tones 
The most basic, primitive 'plants', seedlings with just two matching leaves, 
represent moderate rather than extreme tones of voice. Such as brusquely 
rather than angrily and pleased rather than happily (the conventional 'Big 
Four Emotions' being Happiness; Sadness; Anger; Fear). More extreme 
tones can be created by building up duplicates of these tones, up to a 
maximum of eight leaves altogether. This extrapolation of everyday tones is 
the opposite of the traditional model for emotional speech of interpolating 
extreme emotions, and having to conceive of moderate pique as 15% 
angry. No doubt the extreme tones are less accessible this way, and more 
uncertain, but this is a reflection on the emphasis on nuance, rather than 
absolute range of expression. 
 
labelling, subjectively, after crafting 
When crafting an original tone of voice, the user can experiment by adding 
and subtracting leaves. They hear a sample of speech after each change, and 
can click on the seedling at any time to hear this repeated. In this way, 
Sophie has become a craftperson: this is no longer the exclusive territory of 
speech technologists. 
Only at the point of saving the tone are they invited to name and de-
scribe it—and this need bear no relation to the leaves selected. It is likely to 
be culturally subjective and the name may only be understood, or the nam-
ing agreed upon, by people in a particular social group. This resonates with 
Janice Light and David McNaughton who when discussing 'The changing 
face of augmentative and alternative communication: past, present and 
future challenges' identify "increased demands for culturally responsive 
AAC." (Light and McNaughton 2012, 198) 
 
 
Figure 58 
labelling a tone of voice 
only after creating a plant 
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millions of possibilities 
Speech Hedge allows many millions of tones of voice to be created. Math-
ematically, if each plant has a two-leaf seedling at its base, and is between 
two and eight leaves in size, and we assume that the position of a particular 
colour has no significance (so a plant with two grey and two red leaves will 
sound the same, in either 'orientation'––whether created by the addition of 
two red leaves to a grey seedling, or vice versa) rough calculations suggest 
an order of magnitude of a million combinations. 
Given a bottom-up, empirical and trial-and-error nature to the manner 
of their combination, a large proportion of these may not be suitable for 
conversational use. However they are achieved, technically, a large propor-
tion may sound 'inhuman'. Perhaps they might be of interest to musicians 
and other artists, but not directly in the context of AAC. But it would be 
expected that hundreds, if not thousands of distinct, usable tones of voice 
could be created––where what is and isn't 'usable' is determined by the 
users themselves, not the speech technologists. 
 
collecting plants into hedges 
Choices of tones of voice are opened up in the form of 'palettes', each a 
closed collection of tones of voice. Within the metaphor of Speech Hedge, the 
palettes are represented as 'hedges', a linear row of sixteen voice 'plants'. A 
miniature representation of a hedge can be fitted across the screen of an 
iPhone or similar. 
Users can assemble sixteen 'hedgeplants' in a 'hedge', but also have a 
number of hedges for different contexts. For example, at work, the sixteen 
most valuable tones of voice may be very different from those most com-
monly used socially, with family, or friends, or children, or other loved 
ones. So users can assemble a number of different hedges under 'My 
Hedges'. 
The important thing is that each hedge has been assembled, or at least 
chosen and labelled, by the person themselves. Even a label like 'In the 
office' would not suffice for this to be a universal palette of tone for every-
one, because the culture of different workplaces, and different people's 
roles within each, varies so profoundly––as do their personalities and their 
chosen social and professional behaviours within these cultures. 
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combining different platforms 
Speech Hedge exploits two ubiquitous platforms: tones of voice are crafted for 
future use on a PC, making full use of a large screen, sound, keyboard and 
mouse; tones of voice are chosen when speaking using an Apple iPhone, iPod 
Touch or other touchscreen phone or portable media player, connected to a 
TTS communication aid such as the Lightwriter by Toby Churchill (a further 
division of UI, using the iPhone's graphics screen for tone selection, but the 
Lightwriter's larger and physical keyboard for text entry).  
The proposal is that the plants accessed on the iPhone, live in conversation 
would not be able to be edited further. This is reminiscent of the original 
relationship between iTunes and the iPod, and today still echoes the relation-
ship between iTunes on a PC and an iPod Shuffle. The functionality of the iPhone 
is blurring these roles but for this first illustration, a choice has been made 
to keep the contrast high. 
Speech Hedge exploits the mobility of the smartphone in the 'speaking' 
interface and the high screen resolution (and perhaps faster connectivity 
and processing speed) of the PC when crafting and sharing tones of voice. 
In the video, an Apple iPod is shown and in this thesis references are made 
to Apple products: this is just for illustration and in no way intended to 
imply that there is any technical reason why these concepts would be better 
suited for Apple platforms versus other manufacturers' hardware or soft-
ware. What is important though is to seed the idea that mainstream con-
sumer products, not bespoke AAC devices, are involved. 
Another consideration is that in conversational use, a smartphone is a 
more neutral and less stigmatising accessory to be seen using than even a 
laptop computer, which might be seen as less appropriately technological 
or work-related rather than just there to support communication. 
The 'speaking' interface adopts many conventions of smart-phone inter-
faces, including a 4 by 4 grid of options as labelled icons, in this case 
plants, which can be selected by pressing the touchscreen. The 'sharing' 
interface adopts many of the conventions of websites in general and Adobe 
Kuler in particular, including side menu bars and an ordered grid structure 
and navigation by keyboard trackpad and/or mouse. 
The 'crafting' interface is the least conventional: it exists within the open 
library portal, yet the plants that are created within it need to sit comfort-
ably in the mobile platform. In design terms, the crafting interface has to 
be a bridge that spans and reconciles the two other more conventional 
approaches. 
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unifying two interfaces into a coherent whole 
The interface has been designed to exist over two platforms, for example 
iPhone and iMac, but making each appear to be part of the same application. 
A common abstract mental model of cultivating and transplanting plants 
underpins both. 
This model of plants began with a metaphor of trees in a forest: the 
metaphor that there was a forest of all possible tones of voice, each repre-
sented as a tree, already existing. What one would have to do was to walk 
through the forest, exploring until one found the tree (the tone) that one 
was looking for. This navigational model was abandoned in favour of one 
based around cultivation because of the impossibility of mapping all tones 
in two dimensions, in which proximity and adjacency had some meaning. 
This is exactly what is done in two-dimensional emotional mapping of 
course (Schlosberg 1941) but this proposal rejects this simplification in 
favour of more complexity.  
A sense of scale is inherent throughout the interface: leaves are com-
bined to form plants; the plants hedges; alternative hedges are collected. 
These relationships are expressed graphically: a plant really is made up of 
leaves (which are themselves speech bubbles); a hedge really is a line of 
miniaturised plants. During each selection, these are represented graphi-
cally, so that where one is in this hierarchy is always clear. 
 
a coherent design language 
A simple black background is applied throughout. This is a familiar choice 
on the iPhone, and is then taken through to the PC interface (where it is not 
quite as conventional) as well, for consistency. Typography is consistent 
and simple.  
In terms of the detailed design of the plants themselves, inspiration has 
clearly been taken—and acknowledged—from Orla Kiely's fabric designs, 
in particular her Multi Stem pattern. (Kiely 2011) Kiely is currently Visiting 
Professor for Textiles at the Royal College of Art.  
 
How this mental model 
evolved from another is 
discussed in the naviga-
tional note GATHERING 
TO GROWING. 
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Permission for this inspiration has been sought directly from Kiely, in 
writing (personal correspondence to Orla Kiely, 21 December 2010: un-
answered). However, the leaf shape is taken directly from a speech bubble, 
the colour palette created for this project, and the rules for the way the 
plants are 'grown' (the stem never extending beyond the top leaf; the pres-
ence of odd, asymmetric leaves allowed on any but the bottom layer...) are 
all different from the Kiely original. 
 
instilling a feeling of space 
The use of vector graphics and the highly scalable form of the plants (they 
can be read when the leaves are just a few pixels) means that whilst a single 
plant can fill the screen when appropriate, at other times plants or hedges 
can be very small. This creates the potential for leaving a lot of 'white 
space'—although in this design, this background space is black. This is 
important amongst the inherent complexity. 
Black makes the leaf colours stand out (and so work at a smaller size), 
and quietens down the whole composition, especially from the perspective 
of the whole system: seeing the 'speaking' interface on the iPhone, and in the 
context of the Toby Churchill Lightwriter too. 
 
 
 
Figure 60 
frames from Scene 3 of 
the Speech Hedge video 
Figure 59 
Orla Kiely bag in  
Multistem pattern fabric 
3.2.2 Speech Hedge    131 
 
Scene 3 
Alan collects a new tone of voice 
Alan is at home, sitting at his computer. He pulls down a list of bookmarks in his 
browser and selects 'Speech Hedge'. The home page opens. The screen is black, with 
a six-leafed plant in the top left-hand corner, out of which is projecting a speech 
bubble containing the words "speech hedge". At the top of the screen, "Home" is 
displayed, and the filter 'Newest' is highlighted (alternatives, greyed-out, being 
'Highest Rated', 'Most Downloaded' and 'Random') under which appear three rows 
of miniature 'thumbnail' plants, with a mix of diverse-coloured leaves. This time, the 
bottom half of the screen, under the title 'Tone of the Day', displays a brightly col-
oured plant with five red, two orange and one beige leaf, labelled 'Seething'. Under 
the subtitle 'PUREST ANGER' is a red, orange and beige bar-chart breaking down the 
tone into its constituent percentages.  
Alan signs in with his username and password. The screen refreshes. The top now 
displays 'Welcome Alan' and the filter 'Highest Rated'. The bottom half of the screen, 
under 'We thought you might like...' is displayed 'Simply Sincere', the same cream, 
grey and turquoise plant that Sophie created. Sophie's subtitle 'Being genuine and po-
lite' is also displayed, above a cream, turquoise and grey bar-chart visualising the 
tone's make-up of 'Politely', 'Emphasising' and 'Formally'. In the bottom right-hand 
corner, below the plant itself, are the words 'Save to Your Hedges'. 
 
ALAN [thinking, unspoken]     That looks interesting 
 
Alan clicks on the graphic of the plant and a little speech bubble with musical notes 
appears next to the plant: 
 
COMPUTER [speaking, synthesised]    Yes [with the same subtle  
     intonation, but in a male voice 
     this time] 
ALAN [thinking, unspoken]     I think I'll keep that 
 
Alan clicks on 'Save to Your Hedges' and then on the menu item labelled 'Sync'. A 
dial of sixteen multicoloured leaves animates simultaneously on the computer screen 
and the screen of his iPhone. In the centre of the sweeping dial a percentage counts up 
from 0% to 100% and then 'Complete'. 
 
 
 
Figure 61 
home screen for Speech 
Hedge creative social 
network 
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brokering a marketplace of new tones 
At the heart of Speech Hedge lies a creative social network inspired by Adobe's 
Kuler, an extension of the Adobe Creative Suite. For people to be inspired to 
publish online, there must be some kind of reward. Speech Hedge feeds back 
how many times a tone has already been downloaded, which might be a 
source of satisfaction, if not kudos. It also allows the creator to comment on 
their own creation, enriching the creative authorship. Other features from 
Kuler and similar sites might be adopted. 'Newest' and 'Most Popular' might 
be coveted placements. Kuler has over 500,000 colour themes––at the time 
of accessing, 11,000 had been posted in the previous month, July 2011. 
(Adobe 2006) 
 
 
 
The graphic nature of the interface is intended to make it engaging to 
explore and sample tones of voice from across the spectrum of published 
tones. More directly, each time someone logs onto Speech Hedge open library, 
they are presented with a suggested new tone. This might be tuned to the 
range of tones of voice they have downloaded in the past, but more im-
portantly suggests new ideas and new nuances for further engagement.  
Kuler goes beyond the mere exchange of colour palettes. The ability to 
critique other people's tones and to receive criticism of one's own makes it 
a forum for ideas, not just a market place for the palettes themselves. Kuler 
also supports ratings and a 'Highest rated' listing. 
 
a community in which different roles are possible 
The creation of plants from leaves and the assembly of plants into hedges, 
whilst compatible are nonetheless quite different activities and as such 
Figure 62 
Adobe's Kuler creative 
social network for ex-
changing colour palettes 
3.2.2 Speech Hedge    133 
 
might appeal to different people, without speech or with. The forum 
should recognise and encourage different people playing different roles for 
different reasons. Probably, ethically, be quite transparent about, if this 
could be done without stereotyping—perhaps in Shakespeare's terminol-
ogy, in the form of 'badges' rather than 'labels'. (Shakespeare 2006) Perhaps 
the distinction could be between 'crafters' and/or 'users' of the tones of 
voice, these terms being self-defined, as badges, rather than between speak-
ing and non-speaking. 
"We need to establish peer support systems to help users whose needs 
are best met by products that do not have sufficient support systems, or 
products that are no longer supported." (Vanderheiden 2012) At the AAC–
RERC State of the Science conference, Jeff Higginbotham describing mobile 
computing as a "challenge to existing institutions" contrasted this with a 
corresponding "rise of the individual". (Fager and Higginbotham 2012) 
 
 
 
Scene 4
Alan deploys his new tone of voice 
Alan is in a cafe drinking a glass of cola (with a straw). His Lightwriter and iPhone are 
next to it––the iPhone has a clear plastic keyguard with a grid of 4 by 4 holes, corres-
ponding to the grid of sixteen plant icons. The waitress appears, puts down a saucer-
ful of change and walks off again. We see Alan typing into his Lightwiter. On the con-
nected iPhone, a red-leafed plant labelled 'Loudly' is displayed: 
 
ALAN [speaking, synthesised]     Excuse me [to attract the waitress's 
     attention] 
 
The waitress returns. Alan continues typing. Alan's hand movements seem less con-
trolled (he has cerebral palsy) and the clear plastic keyguard on the iPhone helps to 
guide his index finger. Alan scrolls from 'Loudly', to 'Pleasing' to 'Simply Sincere' on 
the iPhone and then presses the Lightwriter's 'Speak' key: 
 
ALAN [speaking, synthesised]     I gave you a twenty [intonation 
     gentle, but firm] 
WAITRESS    Oh [sounding genuinely  
     surprised]  
WAITRESS [shaking her head]    I'm so sorry 
Figure 63 
frames from Scene 4 of 
the Speech Hedge video 
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The waitress takes the saucer away. The camera is behind Alan, but he looks relaxed 
and in control.  
 
 
 
 
3.2.3 
a million ways to say yes 
 
Speech Hedge was a visualisation, rather than an experience prototype. There-
fore it is not ready for user testing as an interface. Neither was paper proto-
typing of the kind championed by Bill Buxton in Sketching User Experiences 
(Buxton 2007) the priority, because the details of the interface are still less 
important than the principles at this stage. 
The audience exercise that was carried out served two purposes: to 
gauge how inspiring the concept was and, in more detail, to gain insights 
into how people might engage with the mental model at the heart of the 
concept: that of synthesising complex tones of voice from simpler tonal 
elements. 
It takes its name, a million ways to say yes, from the approximate number of 
different combinations of the sixteen leaves in plants of no more than eight 
leaves.  
 
ACE North pilot study 
Speech Hedge was presented to speech and language therapists and other AAC-
related professionals at ACE North on 18 November 2010 as part of an 
hour long seminar on the Six Speaking Chairs project and associated research. 
(Pullin 2010c)  
Figure 64 
Alan using Speech Hedge 
interface with a keyguide 
on an iPhone 
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Following a screening of the Speech Hedge video, delegates were invited to 
speculate as to how they themselves might combine the elemental 'leaves' 
to form tone of voice 'plants'. They were aware that in practice, with a 
working system, this would be an exercise of experimenting with different 
combinations by trial and error, hearing the results of this experimentation 
along the way. So this was an exercise in what their first attempt might be. 
Specifically, they were asked to draw on paper their suggestions of how 
to create examples of complex tones of voice, e.g. 'coaxing' and 'sarcasti-
cally', from elemental tones, e.g. 'warmly', 'emphasising'. The sixteen ele-
ments were: 
 
 
  
Participants were given a printed piece of paper with the sixteen ele-
mental tones on it, in the arrangement and representation in which they 
appear on the interface. They were given a few minutes to complete this 
task and then asked to hand in their papers if they felt comfortable doing 
so, anonymously or not as they wished. 10 respondents (O 1 to O 10) 
returned 'recipes' for 'coaxing' and 8 for 'sarcastically'. 
 
 
Figure 66 
one response from the 
million ways to say yes 
pilot study at ACE North 
Figure 65 
choice of leaves from 
different perspectives for 
a million ways to say yes 
See appendix C for raw 
data. 
3.2.3 a million ways to say yes    136 
 
 
 
 
mapping the responses 
The responses were redrawn in the Speech Hedge colour palette: 
 
 
 
 
 
 
Figure 67 
another response from 
the million ways to say yes 
pilot study at ACE North 
Figure 68 
pilot study responses for 
'coaxing' 
Figure 69 
pilot study responses for 
'sarcastically' 
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analysis of pilot study 
Engagement with the idea of combining elemental tones was demonstrated 
by most of the responses combining at least three elemental tones. Even 
though the final interface would be empirical (in use, you would experi-
ment and hear the results as you do so), a tacit understanding of how tones 
might combine  is shown by a degree of consensus: all versions of 'coaxing' 
contained 'warmly' for example; half or more of versions of 'sarcastically' 
included 'confrontationally', 'bored', 'brusquely' and 'emphasising' (and 
variations might be because individuals ascribe different sounds to these 
qualities in the first place). 
 
 
Five delegates returned an additional idea for their own chosen tone of 
voice, together with a composition for creating this. Interestingly examples 
included 'flirty', which from the four perspectives identified previously 
(emotional state, vocal qualities, conversational intent and social context) is 
above all a combination of conversational intent and social context, rather 
than being a straightforward emotion. 
Conclusions from this pilot study were that these were favourable first 
signs. For these people at least, not speech technologists, although experts 
Figure 70 
pilot study responses for 
other tones 
Figure 71 
visual analysis of pilot 
study, bringing out 
'warmly' in red 
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in communication, Speech Hedge seems approachable and intuitive. Just as 
importantly, it also seems to be engaging. 
 
Communication Matters dataset 
The first exercise was followed by a second at the Communication Matters 
conference, the UK's leading AAC conference combining users, clinicians, 
manufacturers and researchers, on 25 September 2011 at the University of 
Leicester (Pullin 2011b) with a larger audience of AAC users and AAC-
related professionals. 
This time there were 39 responses, L 1 to L 39. Still not a statistically 
significant sample––nor a scientifically-controlled experiment. This is still 
descriptive rather than experimental research, according to the definitions 
in the section on methods. 
 
 
 
exploring the data through visualisation 
The responses were explored, using visual techniques: 
––the colour palette was altered (hand-annotated plants were recreated 
in Adobe Illustrator, with a separate swatch for each of the 16 types of leaf, 
each with a changeable CMYK cyan-magenta-yellow-black colour value). 
From the original Speech Hedge colour palette, the mapping can be changed to 
illuminate different effects. Giving a similar colour to the four 'vocal 
quality' leaves, a distinct range to the 'emotional state' leaves and so on 
instantly illuminates the mix of the four perspectives across the corpus but 
also plant-by-plant. Giving each leaf a colour according to its frequency 
illuminates the extent to which the corpus is dominated by the most com-
Figure 72 
39 audience responses to 
'coaxing'––the position of 
individual leaves follows 
the respondents' hand 
drawn versions. The 
colours are taken from 
the original Speech 
Hedge, in which some 
colours have meaning 
(red for loudly; putty for 
bored; chocolate for rich 
voice; pale blue for 
breathily; orange for 
energetic) but others are 
chosen for a coherent 
overall colour palette.  
See Appendix C for raw 
data. 
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mon choices, and whether variety is fairly distributed or concentrated in a 
few 'atypical' plants, for example. 
––the plants could be rearranged and clustered according to their com-
position. This might for example illuminate that in an apparently hetero-
geneous corpus, there were two––perhaps contradictory––effects strongly 
demonstrated by two different groups within it. It could be illuminating to 
separate these groups (rather than them numerically cancelling each other 
out). 
––the leaves could also be restructured in a more structured way to bring 
out more 'quantitative' information, visually. For example, aligning all the 
leaves of a particular type and reordering them might support a better 
understanding of the relative frequencies of different leaves, that even tabu-
lated percentages might not. 
 
commonality 
In each case, for 'coaxing' and 'sarcastically', around two thirds of the total 
leaves chosen came from five of the sixteen different choices. In the case of 
'coaxing', two thirds were from 'warmly', 'questioning', 'pleased', 'breathily' 
and 'energetically'; in the case of 'sarcastically', two thirds from 'confronta-
tionally', 'brusquely', 'bored', 'loudly' and 'emphasising'. 
This would seem to indicate some degree of shared understanding. This 
would seem to go beyond the fact that, even with random selection, some 
leaves would by chance be selected more often than others. The similarity 
between the two corpora, small though each is, suggests that this is not just 
random noise. 
But even to establish this would require a larger, statistically significant 
sample in a carefully controlled experiment––and also more consideration 
being given to the derivation of the leaves on offer (why 16, and why those 
16) and also to the tones of voice the subjects were asked to 'synthesise'. 
 
variation 
As can be seen at a glance from the visualisation, there is considerable vari-
ation in the responses––more variation than in the smaller pilot study. The 
larger sample will have had an effect, as will the more heterogeneous audi-
ence, including AAC users and manufacturers this time, as well as speech 
and language therapists.  
With the exception of 'warmly', which was chosen by 9 in 10 respond-
ents for 'coaxing', the other most common elements in each case––the rest 
See the navigational note 
ANALYSING TO 
VISUALISING for a discus-
sion of why the have 
been explored visually 
rather than by a more 
traditional method of 
statistical analysis. 
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of the top five elements for 'coaxing' and 'sarcastically'––were each chosen 
by between not much more than 1 in 2 respondents to a little less than by 
1 in 3.  
 
 
 
Two possible reasons for this variation are that the respondents were 
thinking about tone of voice in different ways or even hearing tones of 
voice in different ways. 
 
different ways of thinking about tone of voice 
As has already been mentioned, the leaves themselves represent different 
perspectives of tone of voice, whether describing a vocal quality directly, 
the conversational intent, the social or relational context or the emotional 
state of the person 'speaking'. Looking at individual plants created by the 
respondents illuminates how this can also be applied to how the leaves are 
combined to form more complex tones of voice: 
 
 
 
Respondent L 30 makes 'sarcastically' from 'confrontationally' + 'po-
litely'. One interpretation is that this implies confrontation masquerading as 
politeness (thinly veiled––so thinly veiled that this is obvious to the con-
versational partner or observers). Whereas respondent L 10 makes 'sarcasti-
Figure 73 
frequency analysis of 39 
audience responses to 
'coaxing'––with the 
colour palette changed 
to indicate frequency of 
individual leaves: the 
most common (five) 
leaves are coloured 
green, the darkest being 
'warmly'; the key moves 
through yellow–green 
and orange; the red 
leaves shown represent 
'loudly'; five other leaves 
were not chosen at all 
Figure 74 
two versions of 'sarcasti-
cally' from respondents  
L 30 and L 10 
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cally' from 'emphasising', 'loudly' and 'brusquely'. L 30's reads as a top-
down description of sarcasm, based on its role, especially in its inherent 
contradiction; L 10's is more a bottom-up description of its sound. It seems 
a positive quality that Speech Hedge supports approaching a tone of voice from 
either direction. 
When I followed up with L 10, who had indicated that she would be 
happy to be contacted with further questions, she wrote "Sarcastically = 
exaggerated in places, drawing out sounds and tones, emphasizing ele-
ments of the word/s in a different way to literal." (private correspondence, 
23 August 2012) This supports a description of the sound of sarcasm, 
rather than its role. 
 
different ways of hearing tones of voice 
Examining further responses reveals further differences: 
Respondent L 15 makes 'sarcastically' from 'bored' and 'emphasising', 
again a nice contradiction but this time one that seems to refer to the sound 
of the voice. In a follow up, L 15 wrote "I thought about your question, 
and would probably still choose the same two qualities" which is reassur-
ing, given the spontaneity of the original exercise. "I chose them because I 
think it’s important that the listener knows that the comment is intended 
sarcastically and not seriously (nothing worse when you miss someone’s 
sarcasm entirely or aren’t exactly sure), and I suppose when I use sarcasm I 
probably tend to add emphasis (volume / intonation) and I also think my 
tone can be a bit bored too." These comments do seem to reflect an em-
phasis on the sound. Whereas respondent L 18 makes 'sarcastically' from 
'loudly', 'energetic' and 'emphasising'. The two involve different leaves, but 
this time actually seem to be describing different sounds. The first reads as 
a dead-pan delivery of sarcasm; the second an ironically exaggerated deliv-
ery. The contrasting terms are 'bored' in the first; 'energetic' in the second 
––almost opposites. Both are equally valid and this illuminates the cultural 
nature of tones of voice. 
In conversation with Stephen Fry, phonetics and pronunciation consult-
ant Dr. Geoff Lindsey discusses how intonation is key to our identity and 
how "different speech communities have different speech patterns." (Fry 
2012) 
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heterogeneity 
Another observation comes from analysing the 'leaves' in terms of their 
type: whether representing emotional state, conversational intent, social 
context or vocal qualities. Colouring the four sets of four leaves according 
to these perspectives reveals that the perspective implied by the (final) 
descriptor does not constrain the types of leaves that are selected for its 
synthesis. 
 
 
Even though 'coaxing' itself represents conversational intent, a good mix 
of the other perspectives are also employed in its synthesis, with individual 
plants typically mixing three perspectives. For example, respondent L 12 
synthesises 'coaxing' (conversational intent) by combining 'energetic' 
(emotional state), 'warmly' (social/relational context), 'breathily' and 'high 
voice' (vocal quality). No elements defined in terms of conversational in-
tent are employed this time. 
 
interconnectedness 
This reinforces that the four perspectives are not orthogonal parameters, 
but have a more complex relationship. Whilst it is not possible to define 
'whispering' in terms of emotion alone, because so many different emo-
tions (fear, depression, desire...) can induce a whisper, nonetheless an 
individual emotion might enrich the description of a (particular type of) 
whisper. 
 
Figure 75 
4 perspectives on 39 
audience responses to 
'coaxing' with the colour 
palette changed to indi-
cate the four perspec-
tives on tone of voice: 
oranges indicate descrip-
tors based on emotional 
state; beiges, social 
context; dark greys, 
conversational intent and 
pale blues, vocal quality 
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conclusions 
The million ways to say yes exercise opens up more questions than it could ever 
answer. But this in itself is positive, according to Fallman and Stoltermann's 
definition of rigour in design exploration (Fallman and Stoltermann 2010, 
270–271) which will be considered in more detail later, in the review of 
process and outcomes. 
The main finding is how engaging tone of voice can be and how sur-
prisingly rich are the ways that we might interact with it, even allowing for 
the fact that people find it very difficult to talk about. When respondent L 
10 was asked to reflect on her choice of tones, she commented "this is 
hard!" 
The main insights from visual analysis of the responses are: 
that responses are very varied (in 39 responses, no two were identical); 
nonetheless that there are underlying themes (for example, that 'coaxing' 
includes 'warmly', about which 9 out of 10 respondents agreed); 
that variation and commonality are inherent in most responses, rather 
than restricted to a sub-set of unusual responses. 
Some insights from looking at individual responses in more detail and 
following up with respondents are: 
that responses can vary because they are being described from different 
perspectives (for example synthesising 'sarcastic' either in terms of its 
role or its sound); 
that responses can vary because different sounds are being described, 
even with the same descriptor (for example 'sarcastic' either sounding 
'bored' or 'energetic'). 
 
 
3.2.4   on performance and preparation 
 
returning to real-time manipulation versus pre-packaged 
Whilst I have maintained that there is little research into tone of voice in 
AAC, there have nonetheless been some radical approaches to interaction 
with communication devices. From 'Being an interesting conversation 
partner', Norman Alm and Alan Newell describe a number of radical AAC 
user interfaces developed in Dundee in the 1990s. "Each of the research 
prototypes requires that the user create a large store of personal conversa-
4.1.3 on rigour in design 
research 
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tion contributions. This is done in their own time..." (Alm and Newell 
1996, 178) 
Returning once again to Jeff Higginbotham's final conclusion in his 
'Humanizing Vox Artificialis': 
Finally, we need to develop some semblance of “real-time” expressive control over 
utterance productions. One means of providing control may be to determine what 
ancillary, volitional movements can be tapped to control one or more prosodic di-
mensions. Another option may be to increase the number of communicatively func-
tional “pre-packaged” prosodic variations, providing speakers with different ways 
intone their utterances. (Higginbotham 2010, 65) 
Alm and Newell's precedent, whilst not in the realm of prosody, none-
theless throws Higginbotham's distinction into a different light. Because 
what if "pre-packaged" prosodic variations were not necessarily pre-
packaged in the sense that they were built into the device at manufacture. 
What if the AAC user themselves created and packaged them, for their own 
later use? 
 
talk of prepared pianos and primitive instruments 
There are wider precedents to illuminate this distinction. In 'Andrew Cook 
meets communication aids' from Design meets disability: 
If we do try to introduce more of an element of expression and performance into 
communication devices, a real danger is knowing where to draw the line. The com-
plexity of speech, in which voice quality and pitch and amplitude and intonation and 
aspiration and accent and nasality and so many other variables contribute, far exceeds 
the range of sounds of any musical instrument. Attempting to control more than a 
fraction of this at any one time can lead to the kind of research prototype that re-
quires the coordination of a young fighter pilot. Whereas it might be interesting to 
develop very simple prototypes that nonetheless benefited from the ear of a concert 
violinist. 
Cook thinks that primitive instruments offer a better starting point. We can ap-
proach even as surreal an instrument as a tree branch with an instinct for how we 
might interact with it, and a broad idea of how it might sound. "Although it's not 
until you start playing it, hearing back the results of your actions, that you really start 
to understand it." 
Even if direct, physical manipulation is not appropriate because of dexterity im-
pairment, materials can still be used expressively. A prepared piano has had its sound 
altered by placing objects on or between its strings, hammers or dampers. This 
introduces another phase of expressiveness, somewhere between practice and per-
formance, between composition and improvisation. That of preparing the instru-
ment itself. The ability to do this in one's own time, at one's own pace, might make 
this an appropriate model for AAC users. 
AAC devices are customized to their user's requirements with the help of lan-
guage therapists and occupational therapists. To a designer, the words user, custo-
mize and device have rather functional connotations. A performer experimenting and 
creating their own instrument implies a very different relationship between that per-
son and the technology, that person and the design team. (Pullin 2009a, 279) 
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Here, already (the interview was conducted in September 2007, a year 
into this project and half-way through the two-year closely-collaborative 
phase) is Cook's deepening interest in materiality and interactions with 
speech. Whereas in this, my own subsequent research, a more abstract 
notion of preparing a piano is more significant. 
 
a two-by-two model of manipulation and selection 
Pressing a piano key is still a manipulation of sorts (a pianoforte is not a 
harpsichord––its name derives from the effect that its playing has on its 
sound) albeit a highly constrained one. So the playing of the prepared 
piano might be almost at the end of the 'selection' axis, whereas the prepar-
ing of the prepared piano, being so much more open-ended, falls the 'ma-
nipulation' side of the origin. 
This is a really interesting distinction to make in the context of AAC, for 
two very important reasons: 
The first, many people with complex communication needs have associ-
ated mobility or dexterity impairments. So accurately gesturally controlling 
speech even with another part of their body, perhaps with a joystick or 
touch-screen, may not be appropriate either. But the preparations of a 
prepared piano can be made in private, in one's own time, and by trial and 
error. 
Secondly, if we are designing for conversation, being immersed in that 
conversation would be key for anyone: to be picking up on the minutae of 
one's conversational partner's tone of voice, facial expression and body 
language. Any user interface that was too demanding could have an adverse 
effect on this engagement. 
Defining the two axes, the vertical axis we have already met: 'selecting' 
versus 'manipulating'. The horizontal axis differentiates between (in the 
language of prepared pianos) 'preparing' in one's own time and 'perform-
ing' to an audience of some kind. 
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Defining the four quadrants, 'performing' and 'manipulating' could be 
described as 'playing' (as if an instrumental musician) whereas 'performing' 
and 'selecting' might be more akin to 'cueing' (whereas the conductor of an 
orchestra, bringing in elements on cue and keeping a higher level control 
of a performance, but at the same time shaping it, albeit at a higher level 
than the musicians themselves. So 'conducting' is probably in the middle of 
the spectrum). 'Preparing' and 'manipulating' could be described as 'com-
posing', whereas 'preparing' and 'selecting', being more constrained, might 
be termed 'arranging' (in the sense of sorting and organising in preparation 
to be used in performance later). 
Higginbotham is then probably contrasting the diagonals: in his lan-
guage, "real-time" seems to equate to 'playing', "pre-packaged" to 'cueing', 
but both on the 'performing' side of the axis. 'Composing' might be a very 
interesting concept for people for whom "real-time" manipulation may be 
problematic. 'Arranging' could play a role in self-determined customisation. 
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from Speaking Mobile to Speech Hedge 
Mapping the interactions from Speech Hedge reinforces the idea of a whole 
user interface composed of different parts, on different platforms. 
 
 
Incidentally, the Speaking Mobile is in the bottom right-hand corner: 'play-
ing'. The only quadrant that Speech Hedge does not occupy. This shows how 
far the path of this research has evolved! 
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3.2.5 design principles    148 
 
3.2.5    
design principles 
 
beyond Speech Hedge 
Like the Six Speaking Chairs, Speech Hedge is an output in itself and has created 
interest and debate. Its very specificity has been engaging, generating audi-
ence responses to an issue that, as has been noted, is not otherwise much 
discussed. Yet many of the details that have seeded it in the community's 
imagination are, if not arbitrary, then at least negotiable: the Orla Keily-
inspired motif, the colour palette––even the particular metaphor of leaves, 
plants and hedges. The ideas underpinning Speech Hedge are deeper than this 
manifestation. 
This chapter will look beyond the particular instance of Speech Hedge and 
seek to distil its essence, such that equally radical alternatives might be 
inspired and informed by this research. This is particularly valid in a field 
which is undergoing such rapid change in the light of evolving digital 
technology. 
 
distilling design principles 
The insights from the 17 ways to say yes sheets, combined with an under-
standing of recent developments in speech technology and a deep experi-
ence of interaction design practice, have been distilled into six principles. 
Some might be thought of as AAC principles, being largely concerned with 
what might be supported in terms of defining and controlling tone of 
voice; others are more interaction design principles, being concerned with 
how to deliver this through different user interfaces and technology plat-
forms. The former refer more to what might be made available to people 
without speech, whereas the latter refer more to how an interface might be 
designed to deliver this––although in reality all six combine AAC and inter-
action design. Within the six principles, more detailed recommendations 
will be identified, but for now, by way of introduction: 
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six design principles 
Principle 1   Offer open-ended freedom to craft new tones of voice, 
Principle 2   (but) constrain to a limited choice of tones when speaking 
                   Between crafting and speaking,  
Principle 3   help people to collect their own palettes of tones of voice. 
Principle 4   Devolve speaking and crafting into different user interfaces, 
Principle 5   (but) integrate these elements into a coherent whole. 
                   Between crafting and speaking, 
Principle 6   facilitate the open exchanging of tones of voice. 
Principles 1–3 and 6 are effectively AAC design principles, proposing the 
functionality of AAC devices; Principles 4 & 5 are more interaction design 
principles, describing how the interface design might be approached. 
 
twenty one further design maxims 
Each of the six principles expands into more detail. These will be termed 
'maxims' in order to avoid defining them as either 'principles' or 'guide-
lines'. This is because in some cases, they suggest a means to acheive the 
corresponding principle (which might be termed a guideline), whereas in 
other cases, they are an explanation of a higher level goal of the principle; a 
higher-level principle. For example, 1.i build complex tones from simple 
elements is one way of acheiving Principle 1 offer open-ended freedom to 
craft new tones of voice. Whereas 2.i prioritise speed of deployment in use 
is one of the reasons behind Principle 2 constrain to a limited choice of 
tone when speaking. 
Nonetheless, this structure is adopted because within it, all six design 
principles have a coherence, even if the maxims are more diverse. The set 
of six principles is more important, whereas the maxims are more arbitrary 
and could be considerably expanded upon: 
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Principle 1   offer open-ended freedom to craft new tones of voice  
1.i  build complex tones from simple elements 
1.ii  mix elements described from different perspectives 
1.iii  prioritise everyday tones, not extremes 
1.iv  enable craftspeople to sample and iterate tones 
1.v  label, subjectively, after crafting 
Principle 2   constrain to a limited number of choices when speaking 
2.i  prioritise speed of deployment in use 
2.ii  facilitate use without thought 
Principle 3   help people to collect their own palettes of tones of voice 
3.i  support contextual palettes of tone 
3.ii  support personal palettes of tones 
Principle 4   devolve speaking and crafting into different user interfaces 
4.i  provide different freedoms 
4.ii  exploit different platforms 
4.iii  adopt different conventions 
4.iv  support different uses 
Principle 5   integrate these elements into a coherent whole 
5.i  unify with a mental model, probably abstract 
5.ii  relate macro to micro 
5.iii  apply a consistent design language 
5.iv  amongst this complexity, instil a feeling of space, somehow 
Principle 6   facilitate the open exchanging of tones of voice 
6.i  encourage craftspeople to publish new tones 
6.ii  enable speakers to browse new tones 
6.iii  host a forum for the exchange of tones 
6.iv  seed a community in which different roles are possible 
Each of these six principles and 21 statements is examined, often to-
gether with how radical it is in the context of AAC: 
 
Principle 1 
offer (almost) open-ended freedom to craft new tones of voice  
The first recommendation is to embrace the implications of 40 people 
returning around 250 distinct tones of voice in the 17 ways to say yes exercise 
and to aspire to afford this degree of nuance. This implies not just increas-
ing the current three punctuation-based choices to five or six, but to in-
crease the variation by several orders of magnitude. 
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It is not inconceivable to go further still, by analogy with computer 
graphics: whereas the first computer displays were monochrome, and then 
3-bit colour gave 8 colours overall (giving black, red, green, blue, yellow, 
cyan, magenta and white), current 24-bit Truecolor is 256 shades (each) of 
red, green and blue, for a total of 16,777,216 colour variations. Variation 
in tone of voice in current speech synthesis is still equivalent to somewhere 
between monochrome and crude 3-bit RGB. What would it mean to aspire 
to something approaching the subtlety of Truecolor? 
This is a radical recommendation in AAC in particular and in speech 
technology in general, not just because it throws up a couple of import-
ant—apparent—dilemmas: in AAC, the ability to select between hundreds, 
thousands or millions of tones of voice sounds incredibly demanding on 
the person using a system, both in terms of dexterity, time and concentra-
tion, all three demands to be minimised as much as possible in live conver-
sation. In speech technology, the idea of this degree of prosodic variation 
might seem unfeasible, given the ongoing struggle to represent even the 
so-called 'big four emotions' of happiness, sadness, anger and fear. We will 
address both these apparent contradictions, by considering carefully when 
the tones of voice are selected (see Principle 2) and how (see maxim 1.v). 
 
maxim 1.i   build complex tones by combining simple elements 
So how might such rich variation of tone of voice be specified? 'Below the 
waterline', at the level of the speech synthesis engine, we know that a 
multitude of numerical parameters will be involved: final lowering, pitch 
range, speech rate, breathiness, brilliance, laryngealisation, contour shape, 
precision, to name but a few. (Flach 2002) But this need not be the way 
that the person using the system engages with these parameters. 
The current convention within research projects (even though this is still 
being striven towards) is that emotions are represented in a mapped two- 
or three-dimensional space bounded by extreme states—most commonly 
the 'big four emotions' along the axes, as cardinal points. A high degree of 
variation then implies a fine resolution of interpolation between these 
extreme states. The implication in turn for the person using such a system 
is that this is still quite a numeric interface: parameters such as F0 97 Hz, 
122 words per minute, pitch contour 27 Hzs-1 may have been replaced by 
parameters of sadness 37%, anger 78%, intensity 89% (specifying three 
orthogonal parameters each as an integer percentage leads to 1,000,000 
points). To develop a feel for these quantities and mappings may require a 
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particularly numerical mindset—one which speech technologists almost 
certainly possess, but which is unlikely to be as prevalent amongst AAC 
users in general. 
An alternative is to offer discrete building blocks, to be combined in 
small quantities, but never fragmented. Certainly this could generate the 
quantity of combinations and connotations required. For example, the 26 
letters of the Latin alphabet, in combination, can spell out over 600,000 
words in the Oxford English Dictionary. 
One way in which this idea fundamentally challenges the two- or three-
dimensional mapping of emotional 'space' proposed by many researchers 
(as far back as Murray and Arnott 1993), is that it allows more complex 
tones of voice to be included, those that combine different emotions. For 
example, being (positively, even happily) excited but afraid simulta-
neously, or the combination of happiness and sadness that may occur in a 
particularly emotional release of tension. Perhaps these states might be 
mapped as trajectories rather than points in emotional space, in the way 
that diphthongs are glides in vowel space. But if we want to represent a 
tone of voice as some kind of state, interpolation will not suffice because 
there is a difference between being neutrally neither happy nor sad (to stick 
to the 'big four emotions' for a moment) and somehow being both at once. 
Technically, this might involve applying successive 'filters' to speech 
sounds, each of which might involve digital signal processing—modifying 
pitch, pitch profiles, larynx characteristics, aspiration, etc.). No guarantee 
could be made as to the combined effect of multiple filters. It is not pos-
sible to do this yet, technically—which is why maxims 1.iv and 1.v will be 
important. 
 
maxim 1.ii   mix elements described from different perspectives 
The interface should support different types of descriptors of tones of 
voice, for example from all four of the different perspectives identified: 
emotional state, vocal qualities, conversational intent and social context. 
But it should also allow these perspectives to be mixed, because sometimes 
the way we show our emotions is influenced by etiquette (e.g. she said, 
through evidently bottled rage), or we may combine conversational intent 
with aesthetic performance (e.g. he pleaded, breathlessly). 
Combining maxims 1.i and 1.ii, the elements from which more complex 
tones are created could themselves be based on descriptors. For example, 
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one could combine a 'sad' building block with a 'warmly' building block, or 
'loudly' with 'confrontationally'. 
Reaching for Adobe Photoshop as a loose analogy, in Photoshop, manipula-
tion of an image can involve a whole number of quite different operations: 
contrast, colour saturation, blurring, resolution in combination. 
 
maxim 1.iii   prioritise everyday tones, not extremes 
Moderate tones of voice are more often used than extremes, so expressing 
irritation is arguably more 'important' than expressing anger and sounding 
pleased is more important than sounding happy. So the user interface 
should prioritise these everyday tones, even at the expense of more extreme 
tones. More extreme tones could be created by multiplying more moderate 
tones. This extrapolation of everyday tones is the opposite of the traditional 
model for emotional speech of interpolating extreme emotions, and having 
to conceive of moderate pique as 15% angry. Instead, angry might be 
'piqued' x 6. 
A precedent for this approach is Adobe Photoshop again. In 'Variations', ra-
ther than dialling a percentage of full colour saturation, controls are 'More 
red', which gives a subtle increase. If a greater saturation is desired, incre-
ments can be repeated many times until this is reached. 
 
maxim 1.iv   enable craftspeople to sample and iterate tones 
When crafting an original tone of voice, the user should be able to experi-
ment with the make-up of the tone, hearing a sample of speech after each 
change. 
Once again, reaching for Adobe Photoshop as a precedent, the ability to 
preview changes before accepting them is fundamental. It doesn't matter 
whether the user has a good idea as to the effect of 26% increase in con-
trast, because they arrive at this through trail and error. More importantly, 
it doesn't even matter whether the contrast actually has increased by 26% in 
any kind of absolute term, since the graphic designer uses and trusts their 
own eyes. 
 
maxim 1.v   label, subjectively, after crafting 
Only at the point of saving the tone is the user invited to name and describe 
it—and this need bear no relation to way that the interface describes it. It is 
likely to be culturally subjective and the name may only be understood, or 
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the naming agreed upon, by people in a particular social group. In fact 
naming becomes a creative act in itself—a form of branding, in a way. 
This is both a pragmatic and an ambitious guideline. Technically prag-
matic, in that speech technology research is still progressing towards reli-
ably producing the 'big four emotions'. It may well be—indeed it is prob-
ably—that a significant proportion of possible combinations of elemental 
building blocks will not work well together. They may not sound as the 
craftsperson imagined they would. Many may not even sound human! But 
this is alright, because the application is not expected to accurately predict 
the sounds that it is making, rather to open up new possibilities for the 
craftsperson. Trial and error would be an important way of working. As 
would happy accident—of stumbling across interesting tones that may not 
be what was intended, but can be saved for other purposes. 
But at the same time this is also an ambitious guideline because it signals 
that we are interested in reaching a degree of nuance at which different 
listeners might disagree about what was heard. If we go beyond a crude 
distinction between anger and happiness, then individual, social and cul-
tural affects will come into play. Must come into play. (Light and 
McNaughton 2012) There might be a consensus around whether a voice 
sounds happy, but 'unimpressed' may sound very different to different 
people—different for a 67 year-old man staying in a small town in Scotland 
than for a 19 year-old woman living in New York (even before subdividing 
those populations). As might the words used to describe these tones of 
voice by those people. 
This is seen in the creative social network Kuler by Adobe, in which 
graphic designers can create, name and publish colour palettes and palette 
names include 'Dutch retro design', 'Acoustic blackbird', 'Flabbergasted' and 
'Gulf spill', each of which meant something to its creator and their peers. 
 
Principle 2 
constrain to a limited choice of tones when speaking 
The second principle, in the context of the first, is just as radical. It is that a 
new interface that offers orders of magnitude more nuance in tone than a 
choice of punctuation, should in use—in live conversation—be nonetheless 
somehow of a similar complexity as existing systems. 
One way in which this might be achieved is if the whole spectrum of 
possible tones is not available in its entirety, all the time, when speaking. 
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maxim 2.i   prioritise speed of deployment in use 
The motivations for having a constrained interaction during live conversa-
tion are well-grounded in AAC research. Assistive technology professional 
Simon Judge has researched users' perceptions of AAC devices and evidence 
that speed of use is one of their very highest priorities. (Judge 2007) 
Speech rates can be 10 words per minute for augmented communication as 
compared with typically 140 words per minute for conversational speech. 
(Waller 2013) On this basis it would be counter-productive to offer people 
without speech a higher degree of nuance, yet at the same time signifi-
cantly increase the already frustrating delays in responding. These delays 
arise from the very different rates of natural speech and (non-expert) typ-
ing or other word selection, and are often compounded by poor manual 
dexterity that may be associated with speech loss, and are frustrating for the 
speaker and their conversational partner alike. This would undermine the 
fundamental goals of supporting richer and closer conversation and com-
munication. 
What if we said therefore that choice of tone of voice should be analo-
gous to selecting a single (further) character at the end of a sentence? 
 
maxim 2.ii   facilitate use without thought 
Of course the issue is much deeper than speed of operation. Less cognitive 
overhead means more attention can be given to other things: not least 
reciprocating by picking up on the other person's tone of voice. On being a 
sensitive, good and interesting conversational partner. (Alm and Newell 
1996) 
Any person using a demanding AAC device is effectively perpetually 
multi-tasking. Keeping the demands of actually speaking appropriately low 
will give more chance of enjoying the aesthetic experience of the conversa-
tion, reflecting on the content under discussion and appreciating the at-
mosphere that it takes place in. The aimlessness and richness of table talk 
should be celebrated and supported, as well as more practical, professional 
or otherwise goal-orientated communication.  
This will extend to the design of the interface itself, to how choices are 
offered, not just how many are offered. An interface should be intuitive, 
both in the sense of being easily learned but also that, once learnt, can be 
used as unconsciously as possible. 
The aspiration that the interface recede as much as possible into the 
background of conscious effort and the background of everyday life is at 
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the heart of the Japanese product designer Naoto Fukasawa's design phi-
losophy. "While many today aspire to stimulating design, too much stimu-
lus is not a good thing in anyone's life; stimulus inevitably interrupts the 
unconscious flow of activity by provoking conscious attention. Rather, in 
my view, an unconscious, harmonious accord of people and things is best 
conveyed 'without thought'". (Fukasawa 2007) Without thought is there-
fore an appropriate and inspiring quality, in a practical but also this more 
poetic sense. 
 
some reflections on the first two principles 
What is the significance of these first two principles and in what way are 
they radical in the context of AAC? The first is radical because of how am-
bitious it is, in aspiring to hundreds if not thousands of different tones of 
voice. Current emotion-based speech synthesis research places much more 
focus on the range of tones rather than this nuance. And whilst the first 
principle might at first seem recklessly or even irresponsibly optimistic, it is 
made feasible by the important detail that these myriad tones are created by 
people exploring the effects of combinations of different filters and named 
(or discarded) only after the event. The second is conversely radical—in the 
context of the first—by applying such a radical constraint to interface 
within a conversation: restricted to a choice, rather than a manipulation, 
and a choice of the magnitude of a single character or equivalent. The third 
guideline begins to reconcile the previous two, by proposing a mechanism 
of intermediate 'tone palettes', personal and conversationally contextual. 
These are created and assembled with the full freedoms of the interface, 
away from live conversation, but worked within during conversation. 
 
Principle 3     
help people to collect their own palettes of tones of voice 
The third principle attempts to reconcile the apparent contradiction be-
tween the first two: that the freedom to specify tones of voice should be as 
open as possible, and yet that in conversation the choice should be con-
strained and the interface somehow simple and undemanding. 
The proposed solution is, at any one time in conversational use, to offer 
a constrained choice of prioritised tones of voice. We might term this a 
'palette' of tones of voice: not a universal choice, but neither a definitive 
choice of absolutes or primaries, but implying the inclusion of subtle and 
complex shades. Not a choice between random or unrelated tones. The 
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word palette is meant to imply a relationship between a family of tones. 
And, given its associations with artists' paints and graphic designers' 
colours, it also alludes to creative and expressive use. The Oxford English 
Dictionary extends its definition from "The range of colours used by a 
particular artist or in a particular picture, or in which a particular product is 
available. L19." to "The range or variety of tonal or instrumental colour in a 
musical piece, composer's work" and "the verbal range of a writer, etc." 
AAC devices are customized to their user’s requirements with the help of 
language and occupational therapists. To a designer, the words 'user' and 
'customize' have rather functional connotations. Creating a palette implies a 
different relationship between that person and the technology, that person 
and the design team. 
 
maxim 3.i   support contextual palettes of tone 
A different constrained choice may be appropriate in different circum-
stances. For example, at work, the most valuable tones of voice may be very 
different from those most commonly used socially, with family, or friends, 
or children, or other loved ones. 
This may be in terms of the most commonly used tones, but also the 
most critical—the areas where distinctions in tone of voice are most mean-
ingful and significant (or the consequences of misinterpretation and mis-
understanding are most dangerous). 
 
maxim 3.ii   support personal palettes of tones 
It feels presumptuous for a developer to prescribe a generic limited choice 
of tones of voice for everyone, even though this is what most AAC devel-
opers do (an exception of the Tango! by Blink Twice: here, the choice of 
yelling, whining and whispering is so appropriately aimed at children). To 
in effect narrow the 257 total responses down to 17 (say) would be ex-
tremely limiting. 
But choosing one's own, even limited, palette could become a positive 
affirmation of identity. Constraints of our own devising are quite different 
to those imposed upon us without choice. In a broader sense, in terms of 
terminology that might be applied to a disabled person, Tom Shakespeare 
makes a distinction between 'labels' applied by other people and 'badges' 
chosen by the people themselves. (Shakespeare 2006) Somiya's palette for 
talking with her mates in the pub on a Friday night; Tom's palette for those 
formal and highly political committee meetings, etc.—opens up the possi-
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bility of rich, appropriate, nuanced yet still constrained choices of tone of 
voice. 
 
combining the first three principles 
It is possible to map the first three principles onto the axes of pre-
pare/perform and levels of interaction that were used to discuss perform-
ance and preparation: 
 
 
 
principle 4 
devolve speaking and crafting into different user interfaces 
So far we have expanded the notion of direct control of tone of voice into 
three complementary activities: 
1. crafting tones by exploring the effect of combining elements or build-
ing blocks and labelling useful tones of voice subjectively 
2. speaking within a constrained choice of tones in live conversation 
3. collecting tones into personal and contextual palettes  
The finding from the Six Speaking Chairs that 40 respondents can suggest 
over 500 tones of voice, when reconciled with the knowledge in AAC 
research that the time taken to generate a response is one of the most im-
portant factors in conversational effectiveness (Judge 2011) leads to the 
design principle that the 'user interface' might actually be two complemen-
tary applications—one, used in private (perhaps on a PC) an open-ended, 
creative means of crafting tones of voice; the other, used in live conversa-
tion (perhaps on a smart phone) a constrained, tactical means of respond-
ing appropriately. 
Figure 79 
mapping principles in 
terms of pre-
pare/perform, showing 
crafting, collecting and 
speaking 
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maxim 4.i   provide different freedoms 
Inherent in the distinction between these different activities is that not all 
freedoms need be provided in each: in reaching for a tone when speaking, 
in the context of time-critical and attention-critical conversation, it is not 
necessary to even have the option to edit it or publish it (even a 'hidden' 
option to do so may have a price in terms of complication and compro-
mise). 
Admittedly, this does introduce the issue of 'workflow' if a wide range 
of the functionality is to be combined, if for example, other peoples' tones 
of voice are to be browsed, downloaded, remixed, deployed and published. 
Anyone wishing to will need to have a clear mental model of which activi-
ties reside in which application. This is admittedly a cognitive demand, but 
it could be argued an appropriate one, given the inherent complexity of 
this task. And it could also be argued that the division of tasks may make 
the whole process more navigable, in terms of simpler tools to be reached 
for and put down again. 
The precedent is Apple's iTunes, iStore and iPod. Three applications, for or-
ganising, purchasing and listening to digital music. It is the existence of 
iTunes that allows a pared down iPod to be so simple: because the user inter-
face of the iPod really extends to iTunes as well, even though the functionality 
of iTunes does not need to be supported on the iPod itself. 
 
maxim 4.ii   exploit different platforms 
Taking Apple iTunes and iPod as precedent, not only are the applications 
differentiated, but they may run on different platforms. Very different 
platforms in the case of iTunes running on a desktop computer with a 1920 
x 1200 pixel display for example, being used to download and organise 
music files for listening on an iPod Shuffle which has no visual display at all—
but has the advantage of being compact, robust and low cost (an important 
consideration for a wearable device, being less of an attraction to thieves 
and less of a loss if dropped or stolen). With the advent of higher resolu-
tion displays on networked mobile platforms, these functions are becoming 
integrated, on platforms like the iPhone. 
 
maxim 4.iii   adopt different conventions 
Having allowed the separation of different activities onto different plat-
forms, each can be made more intuitive and appropriate by adopting some 
of the interface conventions of that platform. This will be appropriate be-
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cause many of these conventions arise from the limitations and capabilities 
of each platform (for example a high or low resolution display, input 
through a touchscreen, trackpad, keyboard and/or mouse). Or, with the 
iPod Shuffle, which has no display at all, the VoiceOver speech interface. 
 
maxim 4.iv   support different people and uses 
This might be described as supporting different workflows: some people 
may always wish to start from scratch when crafting a new tone; others 
may prefer to sample, adjust or remix someone else's published tone, add-
ing another layer of nuance. Both should be supported, even within and 
between applications that may each be constrained. 
On a more detailed and specific level, no naming convention should be 
anticipated or prescribed, as determining this is part of the appropriation of 
the open library. Emergent behaviours should not be precluded. Appropri-
ation should be encouraged (even subversions––although perhaps by defi-
nition these cannot be designed for). 
 
Principle 5 
integrate the three elements into a coherent whole 
Having entertained the separating out of different activities onto different 
platforms, perhaps even within different conventions, we need to reconcile 
this with the fact that they combine to form a single interface. 
The way that Apple integrates iTunes, iStore and iPod and Adobe integrates 
Photoshop, Illustrator and InDesign into Creative Suite are exemplars. 
 
maxim 5.i   unify with a mental model, probably abstract 
Bill Verplank identifies a variety of representations which must be balanced 
in successful interaction design. (Verplank 2009, also in Moggridge 2006) 
Between the overall idea and the actual display, a metaphor and a model 
may play valuable roles. Verplank terms all four 'overviews': the idea con-
cerns motivation; the metaphor, meaning; the model, modes and the display, 
mappings. A person's understanding of what an interface might do, and 
how, will be influenced by any conceptual model they might have in their 
head. A metaphor might underpin this model. In the case of any speech 
generating device, what is actually happening 'below the waterline' in 
terms of the speech technology may not need to be what the user perceives 
or conceives to be happening. It does not necessarily matter whether the 
cognitive model is accurate in this respect, as long as it is useful. 
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maxim 5.ii   relate macro to micro 
The issue of scale is a fundamental and challenging aspect of the design of 
this interface. Elements of tone are combined to make tones of voice, which 
are collected into palettes—which themselves are ordered into a collection 
of different palettes for different occasions (by different people). There is a 
hierarchy of tonal elements; tones of voice; palettes of tone; lists of palettes. 
Yet each might conceivably be exchanged in the open library, so each 
needs a presence of its own. If the design of each helped to explain this 
hierarchy, navigating this changing scale could be made more intuitive. 
In an application such as iTunes, this hierarchy tends to be represented 
textually (tracks; albums; artists; genres...) in lists that can be organised 
according to different fields. Viewing the collection by album cover gives 
prominence to this scale though. In a desktop computing environment, a 
hierarchy of folders may play this role. Whilst this could work well for the 
organisation of palettes, it feels as though there is a role for a more visual 
expression of tones of voice to link their creation and collection. In Speech 
Hedge the hierarchy is expressed visually: the leaves are still visible on the 
plants; the plants in the hedges; the hedges in the collection or lists of 
hedges. 
A person may create tones from scratch from a limited number of tonal 
elements in thousands, if not millions of possibilities, or browse hundreds 
or even thousands of other people's tones. In use however, they select a 
tone from within a very much smaller list, itself amongst a small number of 
other lists held by that person. At different times, understanding either the 
freedom and complexity of the choices to hand, or else their constraint and 
straightforwardness, is key. 
 
maxim 5.iii   apply a consistent design language 
Appropriately working across different platforms, the interaction design 
plays a role in making it clear that all are part of the same interface. This has 
a role in helping someone to manage the inevitable workflow across these 
platforms. Since each part of the interface will be subject to the opportuni-
ties and constraints of different platforms, and may adopt different local 
interaction conventions, the task of creating a coherent design language 
implies designing each of the elements with the whole in mind. 
Bringing a coherence to the interface—to the different interfaces—does 
not imply badging each element. A design language can work on a more 
subtle yet more profound level, in its most extreme in the case of the Japa-
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nese brand MUJI, which eschews any brand name on its products, each of 
which is yet recognisably MUJI through its design language: the materials 
used, the forms, its simplicity, its restraint. (Hara 2009) 
 
maxim 5.iv   amongst this complexity, instil a feeling of space, somehow 
This is inevitably a complex system. This needn't be a failing, indeed it 
needs to be embraced. Don Norman, whose own Seven principles for transforming 
difficult tasks into simple ones included "Simplify the structure of tasks" and "Ex-
ploit the power of constraints" nonetheless distinguishes between com-
plexity and complication and discusses the idea of appropriate complexity. 
"The world is complex; our tools need to match that complexity." (Nor-
man 2011) "Good design can help tame the complexity, not by making 
things less complex—for the complexity is required—but by managing the 
complexity." 
One of the ways that design can help is by recognising the value of con-
siderations. Graphic designers know the value of making space for 'white 
space', even at the expense of other more obvious content. White space can 
make a document more approachable and readable, even if, counterintui-
tively, this may require that text size or images be smaller (and so arguably 
less legible). Likewise, a restricted colour palette, and more subtle high-
lighting and differentiation, can be clearer. And calmer. 
Returning to Naoto Fukasawa's description of without thought, the chal-
lenge is to support a radical new user interface, whilst helping people to see 
through the interface itself and to concentrate, even lose themselves, in the 
content itself. A sense of space is needed in which to think about what you 
are saying and how you are saying it. 
 
Principle 6  
facilitate the open exchanging of tones of voice 
So far, the implication might be that these different interactions form parts 
of a closed, self-contained user interface that covers crafting tones of voice 
from elements, labelling and assembling them into tone palettes, and 
choosing a particular palette at the start of a particular conversation and 
deploying different tones from within it. The next recommendation adds a 
further dimension to this. Once again, this is highly aspirational, but is also 
pragmatically based on how realistic some of the demands placed on peo-
ple using the system are. 
See navigational note 
USERS TO COMMUNITIES. 
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Some people with complex communication needs are not only speech-
impaired but also have a language impairment. This may be either as a 
result of their lack of speech or a further symptom of the condition that 
caused this. So the very idea of crafting their own tones of voice may not 
be appropriate for many AAC users. Conversely, conditions such as ALS 
(Amyotrophic Lateral Sclerosis) can be so swiftly progressive that although 
a person with this condition is likely to have fully acquired language and 
listening skills, they just may not have the time—or consider it any kind of 
priority—to master an ambitious new interface and the craft of creating 
tones of voice for themselves. 
Neither might it be engaging or rewarding for everyone from any cross-
section of people: it implies a good ear, or a pleasure taken in exploring 
with and trusting ones ears. And, however simple and intuitive the interac-
tion design, it will certainly amount to a more complex user interface, 
which will be demanding or off-putting to many other potential users. So 
this principle recommends supporting the exchange of tones of voice, peer 
to peer amongst AAC users and other creators. 
A precedent of and inspiration for this recommendation is Adobe Kuler, 
an online creative social network that involves graphic designers posting up 
colour 'themes' or palettes created within Adobe Creative Suite (Photoshop, 
Illustrator, etc.) At this point what had been a traditional application takes on 
some of the qualities of a social network. And what had been interaction 
design needs to address some of the dimensions of service design, and by 
implication AAC provision. So this is the most audacious of the principles 
(even if it may technically be the simplest, were the others acheived). 
 
maxim 6.i   encourage craftspeople to publish new tones 
The proposal is for this publication to be open source, the use (and appro-
priation) of published tones to be free of charge provided this is within a 
non-profit application itself, in the manner and spirit of publication under 
Creative Commons. 
 
maxim 6.ii   enable speakers to browse new tones 
Perhaps related to any language impairment—or even just the result of lack 
of opportunity to practice and develop a finely-tuned skill in the deploy-
ment of tone of voice—many AAC users may themselves not see tone of 
voice as a priority for them. Whilst respecting this choice, one of the roles 
of the open library would be to engage potential users. An ability to visit 
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and browse the library, in an open-minded way, is important. To feel wel-
come and intrigued to learn more and go deeper. 
 
maxim 6.iii   host a forum for the exchange of tones 
Beyond publishing and downloading tones of voice, it is also important 
that it feels like a forum where ideas can be exchanged, since (and espe-
cially as this is open source/Creative Commons) no money will be chan-
ging hands, part of the motivation to create and publish is the critique and 
evident impact that can result. 
 
 
 
maxim 6.iv   seed a community in which different roles are possible 
Some users might relish the opportunity to create their own tones of voice 
and customise their own palettes. But others may not––or at least not en-
gage immediately and prefer at first to use the system as supplied, or to 
augment this with a few tones that other people have created. The freedom 
to choose one's own degree of engagement can be a valuable quality in 
itself. 
 
a community of non-speaking and speaking people 
Making a distinction between crafting a tone of voice and speaking in it, 
opens up the possibility of demarcation between these activities––of differ-
ent people playing different roles. The notion of different roles could be 
expanded so as to imagine a rich network of peer support between people 
without and with speech: 
 
Figure 80 
diagram of crafting, 
collecting and exchang-
ing––expanding on indi-
vidual crafting by opening 
a forum for exchanging 
tones of voice 
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[top] a person who cannot speak who just uses the default tones of voice 
on their communication aid (speaking, but neither crafting nor ex-
changing) 
[upper right] a person who cannot speak who crafts a few additional 
tones for their own use (speaking and crafting, but not exchanging) 
[right] a person who cannot speak who collects additional tones from 
the open library/forum, browsing and critiquing other people's tones 
of voice (speaking and exchanging, but not crafting) 
[lower right] a person who cannot speak who crafts their own tones and 
publishes these for other people who cannot speak and also collects 
other people's tones of voice (crafting, exchanging and speaking) 
[bottom] a speech and language therapist (SLT) supporting AAC users by 
helping them to assemble appropriate personal palettes (exchanging, 
but not crafting or speaking) 
[lower left] a speaking person, perhaps a speech technologist or phonet-
ician, who builds a reputation crafting tones of voice for other peo-
ple's use (crafting and exchanging, but not speaking) 
[left] a speaking person, perhaps a DJ, who enjoys sampling and remix-
ing tones of voice and publishing them to critical acclaim (exchang-
ing and crafting, but not speaking) 
[upper left] a speaking person, perhaps a musician, who has found a 
way of utilising the tones of voice in their own performance (ex-
changing and 'speaking', but not necessarily crafting) 
Figure 81 
diagram of a diverse 
community of people 
variously crafting, ex-
changing, browsing,  
critiquing, collecting and 
speaking (those indicated 
in italics might be speak-
ing people) 
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a path to participation 
The first four people, different AAC users, have been deliberately arranged 
in order of increased engagement. This forms a path to participation, a 
concept used in service design to map an individual's progression from 
being unaware of a service, through first awareness, and the stages of nov-
ice through to expert user. (Engine 2011) A path does not end, but feeds 
back on itself—and this is perhaps the most important step—with becom-
ing an advocate of the service, and so introducing more beginners in turn. 
The indirect roles of browsing and critiquing are both valuable here. 
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4 
conclusions 
 
The thesis concludes with a review of questions, methods and outcomes, 
and consideration of some limitations of this research. Outputs and poten-
tial contributions to knowledge are discussed, as are plans for further out-
puts and future research projects. 
 
 
4.1 
review of process and outcomes 
 
 
4.1.1 
review of questions, methods and answers 
As part of the aim of saying something new as a result of looking at AAC as 
an interaction designer, more detailed questions were identified. Question 
by question (Q), a recap of the diverse methods (M) and also the outcomes 
or answers (A): 
 
curating the Six Speaking Chairs 
Q1.  What alternative perspectives on tone of voice could be beneficial 
within AAC? 
Q1a.  What other frameworks for describing and/or controlling tone of 
voice can be found in other fields, beyond punctuation and emotions? 
M1a.  Literature search and meeting and corresponding with experts 
from diverse disciplines, including participation in BAAP (British As-
sociation of Academic Phoneticians) 2006 and ISAAC (International 
Society of Augmentative and Alternative Communication) 2006, 2008 
and 2010. 
A1a.  Many and diverse, from a multi-dimensional model by speech 
corpora researcher Nick Campbell of ATR Japan (now Trinity College, 
Dublin) which itself challenges the exclusively emotional perspective, 
to graphical phoneticians' intonation diagrams which bypass––and 
elude––textual descriptions, to the heterogeneous stage directions for 
tone of voice in the work of the playwright George Bernard Shaw. 
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Q1b.  How can these be made visible and accessible to non-experts? 
M1b.  Design practice as a means to asking questions rather than sug-
gesting solutions, related to critical design (Dunne 2001) and design 
exploration. (Fallman 2008) Applied to disability-related design, this 
is even more provocative, as presented at Include 2009. (Pullin 
2009b) This stage also involved the method of 'design collections', as 
articulated in Design and Culture. (Pullin 2010b) 
A1b.  Six Speaking Chairs, a design collection in which six diverse methods 
of representing-and-thereby-controlling tone of voice are embodied 
as physical and interactive objects. The chairs are outputs in them-
selves. 
 
designing for people without speech 
Q2.  How might future user interfaces support the ways people (already) 
think about tone of voice? 
Q2a.  Just how heterogeneous are the ways that people (already) use to 
describe tone of voice? 
M2a.  Qualitative/descriptive research ('descriptive' as understood within 
an AAC research tradition) in which 40 people (AAC users, profes-
sionals and researchers at ISAAC 2008; speech technologists and lin-
guists at Centre for Speech Technology Research, CSTR, University of 
Edinburgh) were invited to define 17 tones of voice which they 
would chose, if they were restricted to just 17 for the rest of their 
lives. The individual responses were transcribed and collated into a list 
of distinct tones (by combining equivalent descriptions, e.g. "appre-
hension" and "apprehensive"). These tones were then mapped against 
different categories, including, but not restricted to 'emotional'. The 
mapping was supported by having an independent researcher repeat 
the exercise. 
A2a.  257 distinct tones were listed between the respondents, which is 
significant in itself, given that current AAC devices are restricted to 3 
tones. Mapped across four categories: 'emotional state', 'vocal quali-
ties', 'conversational intent' and 'social context', only a quarter were 
'emotional' in the orthodox sense––and a tenth in the independent 
mapping. All three of the other categories were significant too, consti-
tuting a minimum of a seventh in either mapping (fractions rather 
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than percentages are given because this was not conducted under 
strict statistical methods). 
 
Q2b.  How might this heterogeneity be supported by a coherent, intui-
tive yet expressive user interface for future AAC devices? 
M2b.  Presenting an illustrative concept user interface which may not 
'work' technically, but communicates the user experience. 
A2b.  Speech Hedge, a visualisation of a user interface on Toby Churchill 
Lightwriter, Apple iPhone and iMac. Presented as video and stills. The 
visualisation entails not just graphic design, but also interaction de-
sign and service design. 
 
Q2c.  How might people engage with such a user interface? 
M2c.  Speech Hedge was presented to speech and language therapists and 
other AAC-related users and professionals at ACE North and to AAC 
users, carers and researchers at the Communication Matters confer-
ence. Respondents were asked to map on paper their suggestions of 
how to create examples of complex tones of voice (e.g. 'coaxing' and 
'sarcastically') from 16 elemental tones (e.g. 'warmly', 'emphasising', 
etc.) 
A2c.  49 respondents returned recipes for 'coaxing' and 47 for 'sarcasti-
cally'. Engagement with the idea of combining elemental tones was 
demonstrated by most of the responses combining at least 3 elemental 
tones and many respondents creating their own additional tone of 
choice. A tacit understanding of how tones might combine (but it 
would be empirical, one would experiment and hear the results as 
one did so) is shown by a degree of consensus: all versions of 'coax-
ing' contained 'warmly' for example; half or more of versions of 'sar-
castically' include 'confrontationally', 'bored', 'brusquely' and 'emphas-
ising' (and variations might be because individuals ascribe different 
sounds to these qualities in the first place). The variation might be a 
result of different people thinking about tone of voice in different 
ways––supported by follow-up conversations with selected respond-
ents. Also, that different people would speak or hear different sounds 
as representing these tones of voice––a subjective and cultural judge-
ment. 
 
4.1.2 limitations of this research    170 
Q2d.  Can design principles or guidelines be distilled from this illustra-
tion, that might underpin future concepts for controlling nuanced 
tone of voice in AAC? 
M2d.  Collating insights from this research and from other AAC and de-
sign research, and developing design principles that could inform and 
inspire future user interfaces to support more nuanced tone of voice 
in communication by people who cannot speak. For example: The 
finding from the Six Speaking Chairs that 40 respondents can suggest 
over 500 tones of voice, when reconciled with the knowledge in AAC 
research that the time taken to generate a response is one of the most 
important factors in conversational effectiveness (Judge 2011) leads 
to the design principle that the 'user interface' might actually be two 
complementary applications––one, used in private (perhaps on a PC) 
an open-ended, creative means of crafting tones of voice; the other, 
used in live conversation (perhaps on a smart phone) a constrained, 
tactical means of responding appropriately. This methodology is more 
bottom-up or empirically-driven than top-down or theory-driven. 
(Liisa Ilomäki and Sami Paavola 2008) 
A2d.   A set of six design principles that transcend the particular instance 
of Speech Hedge and which could be applied to diverse alternative design 
solutions. 
 
some affirmations 
The following are some of the affirmative conclusions reached: 
yes, tone of voice is far richer than Text-To-Speech or emotional speech; 
yes, a design collection of illustrative objects supported new conversa-
tions; 
yes, people can engage with tone of voice to a high degree of subtlety; 
yes, user interfaces for finely nuanced tone of voice could be created; 
yes, early indications are that people could engage with them. 
 
 
4.1.2 
limitations of this research 
There are limitations in this research relating to the audience exercises 17 
ways to say yes and a million ways to say yes. The sample sizes, at between 40 and 
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49 depending on the exercise, are insufficient for quantitative research and 
statistically significant analysis––but could suffice for more descriptive 
research. The exercises themselves could have been more carefully framed 
within a descriptive research framework. For example, the exercises fol-
lowed talks about the Six speaking chairs and Speech Hedge that were intended to 
engage these audiences, the success of which might be supported by the 
evident participation––but the possible influence of the content of these 
talks on the content of the responses has not been carefully considered. 
All four sessions were opportunistic, in each case a way to make more of 
an audience. Clearly they might have been more deliberately recruited. 
Especially at ISAAC in Montréal, Communication Matters in Leicester, the 
audiences were a mix of AAC practitioners, people with complex com-
munication needs and their carers, researchers and manufacturers. The 
most significant proportion were from a speech and language therapy 
(SLT) background however, whereas a larger proportion of people without 
speech would have been welcome and increased the value of the exercises. 
At Edinburgh there was a large proportion of speech technologists, which 
was perhaps not ideal since so much of the intent of this research is to 
challenge the dominance of this perspective in AAC development. So per-
haps more might have been done to compare and contrast these responses 
with those from people with a less technical background. 
Analysis of both sets of data could also have been taken further. With 17 
ways to say yes, getting more people to sort the 257 descriptors into different 
categories––beyond the other independent researcher––might have been 
illuminating. As might trying to sort against more than one set of catego-
ries. With a million ways to say yes, continuing the visual analysis––the data 
visualisation––further might have yielded deeper insights. If more than two 
tones had been synthesised by participants, the comparative heterogeneity 
of the responses to each tone might have been siginificant. 
The design principles have not yet been tested in any way––for example, 
given to AAC developers to hear how meaningful they are to an audience 
from a more technical or clinical background; or given to design students 
to see how wide a range of design responses might be accommodated and 
inspired by them. They are at least informed by many years' experience in 
consultancy, developing design principles for clients. 
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in retrospect 
In my own reflections upon what might have been tackled differently, in 
retrospect, the possibility I am struck by is that the Six speaking chairs might 
not have needed to be capable of speaking after all. Although they were 
conceived as working prototypes and built as such by Cook, they were 
never actually deployed in live (if carefully framed) conversation as 
planned. As such, their role has ended up being more illustrative than ex-
periential––their role has seemed almost more akin to Cultural Probes in 
eliciting new conversations, than to experience prototypes in affording new 
experiences. Had they been conceived as non-working objects from the 
start, more time could have been devoted to their presentation on video 
and perhaps also through exhibition. Although perhaps their ability to 
speak was fundamental after all, in helping to seed them as somewhat 
magical objects in the minds of our audiences. 
It would have been interesting to have made physical kits for subjects to 
manipulate during the a million ways to say yes exercise. Assembling plants 
from cut-outs of each leaf, for example, could have been more akin to  
experience prototyping than merely drawing on paper was. Perhaps this 
might have extended to a form of 'Wizard of Oz' prototyping, for example 
with hidden actors improsing the tones as they were assembled? In any 
case, it might have led to more evocative documentation––with the sub-
jects' individual handwriting employed to label the prototyped tones. 
In conceiving Speech Hedge, more thought and rigour could have been 
given to how the 16 elemental leaves were chosen––and why and if sixteen 
was the most appropriate number. Not that this was arbitrary or without 
thought, but alternatives could have been more formally identified and 
considered. Similarly, in the one million ways to say yes exercise, the exer-
cise itself could have been more robustly conceived: why were 'sarcasti-
cally' and 'coaxing' the most appropriate choices? Lining back to the 17 ways 
to say yes exercise in a stronger way might have provided a clearer rationale. 
What I would not have changed, even in hindsight, is the journey from 
having initially framed this research in the tradition of HCI (albeit with the 
addition of design methods) to eventually positioning it firmly within the 
emerging conventions of design research. This reframing has been a valu-
able learning experience in its own right, and has lent greater clarity about 
the qualities and strengths of my own research practice. 
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4.1.3 
review of outcomes  
The following are substantive outcomes from the projects: 
 
the mapping of tones of voice from 4 perspectives 
The diagram combining emotional, vocal, conversational and social per-
spectives on tone of voice has been developed as a challenge to the ortho-
doxy of thinking about tone of voice from either a phonetic (describing 
pitch and other vocal qualities directly, as is the norm within speech tech-
nology, for example with markup languages) or an emotional perspective 
alone (as is the presumption of many in the industry for future affective 
speech). It has been valuable and versatile in this project in providing a 
common mapping of several landscapes: of speech-related disciplines, of 
the Six Speaking Chairs, or the 17 ways to say yes responses. 
 
 
 
My own reflection is that, while this has been a useful stepping stone on 
this project, that it is not well-enough grounded or tested to constitute a 
substantive contribution to the field of speech technology. And not well 
enough contextualised either—there must (surely) be many forays into this 
issue from perspectives of linguistics and phonetics, which I have not man-
aged to uncover, and exhaustive research into which has not been the focus 
of this project. Professor John Laver would be a good person to ask about 
this. 
 
Figure 82 
four perspectives on 
describing tone of voice 
(repeated) 
4.1.3 review of outcomes    174 
the analysis of responses to 17 ways to say yes 
This study involved employing the Six Speaking Chairs, and then inviting and 
collecting responses from attendees of ISAAC 2008, including AAC clin-
icians, users, researchers and manufacturers; and researchers at CSTR, Edin-
burgh, including speech technologists, linguists and psychologists. 500 
entries from 40 usable responses have been analysed to show variations 
between respondents but also heterogeneity within each response. 
 
 
 
Again, my reflections are that whilst this has been meaningful in the 
context of this project, and supports the thesis that a user interface should 
accommodate wider descriptions of tone of voice other than just emotio-
nal, it may not go much further than this. As a quantitative study into the 
relationships between these four perspectives, it is not sufficiently rigorous 
or contextualised. Neither is there any control as to how our catalytic 
stimulus material might have influenced the results (beyond the positive 
effect that it provoked engagement and discussion about an under-
discussed issue). 
 
Speech Hedge as an illustration of a simple and intuitive interface 
Speech Hedge, created with MDes student Ryan McLeod, is a conceptual user 
interface for how one might interact with tone of voice of synthesised 
speech—conceptual but, unlike the chairs, to be taken literally. It illustrates 
the principle of having different user interfaces by letting people craft tones 
on a PC, share them via the web on a creative social network and speak 
with them via an iPhone app. 
 
Figure 83 
sorting 257 tones by 4 
perspectives (repeated) 
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My reflection is that Speech Hedge makes a contribution primarily as an il-
lustration of the design principles. In isolation, as an outcome in itself, it 
has not been appraised, which would be a requirement if it were to be 
viewed as a substantive research outcome, either with experts or with 
users—and with the latter, I believe that some form of experience proto-
type would be required which, given the almost infinite flexibility at its 
heart, would not be a trivial undertaking to create. 
 
a creative 'social' network for creating and sharing tones of voice 
It is a radical step (well, radical for speech technology and AAC, although 
with precedents in Adobe's Kuler site which helped to inspire it) to open up 
creation of cutting edge speech technology beyond the expert speech tech-
nologists to end-users and other interested laypeople. Even open source 
speech synthesis engines such as the Edinburgh Centre for Speech Technol-
ogy Research's Festival are open in the sense of being open to fellow speech 
technologists. 
This feels nowhere near well-enough contextualised or developed at the 
moment, so I prefer to consider it at this stage as a sketch of a potential 
future project. 
 
Figure 84 
illustrative Speech Hedge 
interface (repeated) 
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Six Speaking Chairs as an illustration of different models of tone of voice 
The Six Speaking Chairs, created with Andrew Cook, embody an interdiscipli-
nary study of ways of describing tone of voice. Online and on video, they 
are a resource that could be re-used by other researchers (Shannon Hennig 
is one AAC researcher who has fed back to us her use of the on-line video 
material). In our experience they have shown themselves to be intriguing 
and engaging, yet clear and accessible to a wide audience of experts, users 
and the public. 
 
 
 
Figure 85 
a social network for 
exchanging tones of 
voice (repeated) 
Figure 86 
Six Speaking Chairs as an 
illustration of tone of 
voice (repeated) 
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My reflection is that the Six Speaking Chairs might be a contribution in 
themselves. 
 
design principles for more expressive interactions with tone of voice 
The principles—the most important of which is the principle of dividing 
the user interface, creating separate interfaces for the activities of crafting, 
exchanging and speaking with nuanced tones of voice––might represent a 
contribution to AAC and speech technology. 
The principles are contextualised within interaction design practice 
(with reference to Apple's iTunes + iPod user interfaces, and to Adobe Kuler 
and other creative social networks) and yet likely to be original within AAC 
and speech technology.  
Whether every individual principle is original, or just newly expressed as 
a principle, the three-sided structure of crafting, exchanging and speaking 
is thought to be original in this context. This will be reviewed with experts. 
Again, its likely impact and influence in these fields would be increased by 
publication in AAC, and/or in Speech Communication or Speech Technology. 
 
Finally, we need to develop some semblance of “real-time” expressive control over 
utterance productions. One means of providing control may be to determine what 
ancillary, volitional movements can be tapped to control one or more prosodic di-
mensions. Another option may be to increase the number of communicatively func-
tional “pre-packaged” prosodic variations, providing speakers with different ways 
intone their utterances. (Higginbotham 2010, 65) 
The guidelines represent how these could be combined: and also how 
the duality of "real-time" versus "pre-packaged" can be expanded upon and 
reconciled. 
 
 
 
Figure 87 
principles for crafting, 
collecting and speaking 
related to pre-
pare/perform (repeated) 
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'We need to talk about tone of voice' 
Perhaps the most valuable contribution to the field of AAC is (after all) to 
highlight that tone of voice is conspicuous by its absence in AAC research 
and practice. This is not to say that it has not been proposed by leading 
thinkers in AAC, such as Higginbotham above and Portnuff: 
I want to be able to sound sensitive or arrogant, assertive or humble, angry or happy, 
sarcastic or sincere, matter of fact or suggestive and sexy. (Portnuff 2006, 6) 
But this priority is still not reflected in research or debate. This is to be 
the subject of an anticipated 'forum note' prepared for the Journal AAC. 
 
the method of design collections 
The method of creating a design collection, of which Six Speaking Chairs is just 
one example, has been articulated in the paper for Design & Culture (Pullin 
2010b) but also academically contextualised further in this thesis. This 
curatorial activity is at once speculative and reflective, which implies a loop 
between design exploration and design studies on Daniel Fallman's Interaction 
Design Research Triangle. 
 
 
 
This is a contribution to interaction design research. It is transferable and 
might be applied by other interaction designers to research unrelated to 
speech. 
 
 
Figure 88 
Six Speaking Chairs as an 
example of a design 
collection (repeated) 
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4.1.4 
on rigour in design research 
Returning to Daniel Fallman and Erik Stolterman (Fallman and Stolterman 
2010) and their discussion of rigour in the case of design exploration: 
In establishing rigour in design exploration, an important criterion is to what extent 
the design researcher is able to continue to ‘problem set’ rather than ‘problem solve’. 
The process of design exploration should open up a critical and creative approach 
that challenges mainstream assumptions in design, such as the consumer perspective, 
technology as tools and usability. This means that rigour can only be measured in re-
lation to how well the approach does open up a design space and less how that is 
done. 
Another important aspect of rigour in design exploration is the availability of the 
research. Are the results presented in such a way that, first, people are able to experi-
ence them in the way intended, such as in exhibitions, museums, galleries and on-
line shows. Second, are the results presented or shown in such a way that they are 
possible to critique? (Fallman and Stolterman 2010, 270–271) 
In terms of both criteria, of "open[ing] up a design space", and "the 
availability of the research", both are demonstrated by Six Speaking Chairs 
having been disseminated and discussed in invited talks at the following 
events: ISAAC 2008 and 2010, ACE North Network Day 2010, Toby Chur-
chill Ltd Symposium 2011, Communication Matters Annual Conference 
2011. 
As a result of this, through word of mouth within the international AAC 
community and also the impact of Design meets disability, came the invitation 
to deliver the keynote talk at AAC–RERC 'State of the Science' Conference 
2012, under the title 'I think we need to talk about tone of voice and I 
know we need to talk about design'. 
"The availability of the research" and "presented in such a way that they 
are possible to critique" will both be enhanced by an anticipated 'forum 
note' in the Journal of AAC. Forum notes are a particular type of (full, peer-
reviewed, academic research) paper. This invitation would obviously be 
followed by peer review process (although forum notes, although con-
sidered as full academic papers by the journal, are expected to be visionary, 
exploratory and to provoke discussion, so their rigour is not assessed along 
traditional scientific lines). Most importantly, once published, responses 
from the academic community are specifically invited, and published in 
turn in subsequent issues––enhancing the significance and impact of such 
papers. The new editors of AAC, Janice Light and David McNaughton, fol-
lowing the AAC–RERC conference which both attended, have invited the 
author to submit a forum note. 
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4.1.5 
original contributions to knowledge 
 
looking at AAC as an interaction designer 
One definition of 'originality' in a thesis is "looking at topics that people in 
my field have not looked at before." (Gray and Malins 2004, Appendix 3) 
The principle contribution to knowledge is having looked at tone of voice 
in AAC as an interaction designer. 
Outputs have been directed to both fields. The papers 'Design meets 
AAC' (Pullin 2008) and 'Typography, choreography and subtlety in com-
munication displays' (Pullin 2010a) presented at ISAAC served as an intro-
duction to the new perspectives that IxD could bring to AAC. The paper 'Six 
Speaking Chairs (not directly) for people who cannot speak' published in 
ACM Interactions (Pullin and Cook 2010b) introduced the issue of tone of 
voice in AAC for the first time to an interaction design and HCI readership, 
and to a design research community 'Social Mobiles and speaking chairs: 
applying critical design to disorder and disruption, discourse and disability' 
presented at EAD (Pullin 2007b) advocated bringing new design methods 
to AAC. To both fields, the chapter 'Expression meets information' in Design 
meets disability (Pullin 2009a) was an interdisciplinary exploration of AAC 
through the lens of design. 
A key contribution that has resulted from looking at augmentative com-
munication as an interaction designer are the design principles, both be-
cause they were distilled from the illustrative Speech Hedge interface and also 
because design principles are often a valuable outcome within design con-
sultancy. 
 
adding to AAC knowledge by visualising 
The second contribution to knowledge has been by "adding to knowledge 
in a way that has not been done before." (Gray and Malins 2004, Appendix 
3) That is, contributing knowledge to AAC using design methods that have 
not been used in AAC before. The most fundamental has been to visualise 
––or more specifically to embody––tone of voice, a quality that is other-
wise invisible, in different ways to different ends: 
the Six Speaking Chairs embody mental models of tone of voice found in 
interdisciplinary literature search; 
The full list is reprinted 
in appendix E 'original 
contributions to know-
ledge'. 
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visualising '4 perspectives on tone of voice' as an outcome of responses 
to Six Speaking Chairs and the '17 ways to say yes' exercise; 
Speech Hedge is a further embodiment of tone of voice, whilst also an il-
lustration of how it might be controlled with an AAC device; 
analysing responses to Speech Hedge by visualisation in order to draw out 
insights about heterogeneity in people's thinking about tone of voice. 
Outcomes have been presented at ISAAC as 'Six speaking chairs to pro-
voke discussion about expressive AAC' (Pullin and Cook 2008) and 'In-
sights from the Six Speaking Chairs' (Pullin and Cook 2010a). 'The value of 
visualising tone of voice' is under review for publication in the journal LPV. 
Among the values that I feel I have usefully brought to augmentative 
communication are visualisation, simplicity and iconoclasm. The output 
that epitomises all three of these values is the collection Six speaking chairs, 
which I would propose is a key contribution in itself. 
 
contributions to the field 
Contributions to the field include bringing attention to the lack of tone of 
voice research in AAC. This has been presented as a keynote address, 'I 
think we need to talk about tone of voice, and I know we need to talk 
about design', at AAC–RERC 'State of the Science', in Baltimore on 28 June 
2012. This is the leading US conference in augmentative and alternative 
communication, held only once every five or six years. 
This supports the value that has been recognised by the field in contri-
buting a designer's perspective.  
 
 
The values of visualisa-
tion, simplicity and 
iconoclasm were intro-
duced in 1.2 a designer's 
role in augmentative 
communication. 
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4.2    
further research 
When considering how this research might be continued, there are three 
distinct-but-related questions: 
what further outputs might I develop from this work? Informed by 
understanding who the potential audiences are, across academia, in-
dustry and the public; 
what future projects might I recommend that others do, to deepen or 
complement this research? Especially by people with more tradition-
ally scientific research methodologies; 
what future projects might I undertake myself, alone or with others? 
Based on reflection on where the value of this work has been, where 
its impact and future influence might lie. 
 
 
4.2.1 
planned outputs 
Returning to Fallman's Interaction Design Research Triangle, this research has com-
bined design studies, design practice and design exploration. (Fallman 
2008) As such, its potential audiences span academia, industry and the 
public––and some, like ISAAC, combine all three. Furthermore, being 
interdisciplinary, even the potential academic audience are numerous: AAC, 
assistive technology, speech technology, phonetics, linguistics, emotional 
research, disability studies, inclusive design, interaction design, design 
research, etc. Unsurprisingly, most of these fields are themselves interdis-
ciplinary, with boundaries that are difficult to define. 
At the time of writing there are three particular planned outputs: 
 
journal paper i––forum note in Journal of AAC 
An academic paper in the Journal Augmentative and Alternative Communication––
the leading academic journal in the field, published by Informa Healthcare. 
Its 2011 Impact Factor was 0.775 (http://informahealthcare.com 
/journal/aac/  accessed 31 July 2012). AAC has a class of paper called 
'forum notes' which are published with a view to creating discussion and 
debate––responses are invited and sometimes published themselves. 
The journal's editors are Janice Light and David McNaughton, both at 
Pennsylvania State University––and both fellow presenters at the AAC–
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RERC 'State of the Science' Conference. My forum note will take the theme 
of my keynote at AAC–RERC, 'I think we need to talk about tone of voice 
and I know we need to talk about design'. (Pullin 2012) The working title 
will be a simpler 'We need to talk about tone of voice'. An abstract had 
been accepted for ISAAC 2012 (but not developed or presented, as I was 
unable to attend). The following abstract has been sent to the editors for 
initial comment (see below): 
For people without speech, speech generating devices are an assistive technology––
but can also be restrictive: whilst Text-To-Speech technology can say anything, it af-
fords little choice of how this is said. An absence of nuanced tone of voice can in-
hibit social interaction. This research paper explores this profound but relatively 
overlooked issue in AAC through lens of interaction design. 
Tone of voice is such an elusive and intangible quality: difficult for even phonet-
icians to define, let alone AAC users and carers to discuss in the context of their 
everyday lives. Therefore the first activity was to visualise tone of voice, in order to 
catalyse new conversations, through two original research projects: 
Six Speaking Chairs is a collection of interactive artefacts that illustrate alternative 
models of tone of voice developed by academics and practitioners as diverse as socio-
linguists and playwrights; 
Speech Hedge is a visualisation of how someone might interact with nuanced tone of 
voice using a conventional communication aid in combination with an interface on a 
smart phone. 
Audience responses to each project have illuminated the perspectives from which 
laypeople conceive of tone of voice, challenging the conventional emotional model 
that dominates speech technology in favour of something more complex and hetero-
geneous. 
In order to reconcile such complexity with simplicity of use, design principles 
have been distilled that could inspire future user interfaces and also inform further 
research. 
Recent correspondence with the editors is promising: 
... We would be very interested in your submitting a forum paper to the journal 
AAC. As you know, these forum papers are often some of the most frequently cited 
papers and they often serve to propel the field into new and interesting directions. 
We believe that your proposed paper has significant potential to make a positive im-
pact on the field and we would be very interested in such a submission." 
"... Thanks so much for thinking of submitting this forum paper to AAC! It is such an 
exciting area of research and this paper definitely has the potential to make a sub-
stantial impact on the field. We will look forward to receiving the paper and initiat-
ing the peer review process! Let us know if you have any questions. 
Janice and David[.] Editors, AAC (Janice Light and David McNaughton, personal 
correspondence, 14 February 2013) 
 
journal paper ii––in LPV 
So far, the outputs from this project have been directed very much across a 
spectrum of interaction design–assistive technology–AAC. They have not 
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yet been directed towards a sizeable interdisciplinary field of speech tech-
nology. 
As a result of participation in the Creative Speech Technology (CreST) 
Network, I have submitted a paper for peer-review for a special issue of the 
journal Logopedics Phoniatrics Vocology (LPV). This is the official journal of the 
British Voice Association which describes itself as "a group of multi-
disciplinary professionals who work to promote the field of voice in its 
broadest sense." (http://www.britishvoiceassociation.org.uk/  accessed 31 
July 2012). LPV is an Informa Healthcare journal, Editor-in-Chief David 
Howard at the University of York––also a member of CreST. Its 2011 Im-
pact Factor is 0.836 (http://informahealthcare.com/loi/log  accessed 31 
July 2012). The special issue, related to the themes of CreST, will be edited 
by one of the network's founders, Alistair Edwards of the University of 
York. Therefore, whilst LPV is not aimed directly at the field of speech 
technology, as the journals Speech Communication (Elsevier) and the International 
Journal of Speech Technology (Springer) are, for example, this particular issue is 
an opportunity to reach out to that field as well as to those with an interest 
in voice studies. 
With this audience in mind therefore, the topic is more about the rela-
tionship between design and voice than between design and speech tech-
nology directly. The title is 'The value of visualising tone of voice' and the 
abstract reads: 
Whilst most of us have an innate feeling for tone of voice, it is an elusive quality that 
even phoneticians struggle to describe with sufficient subtlety. For people who can-
not speak themselves, this may be indirectly limiting for two reasons: because tone 
of voice is inherently difficult to talk about, there is a risk that its absence from cur-
rent communication aids goes unremarked and unchallenged. Looking ahead opti-
mistically to more expressive communication aids, their design will need to involve 
interactions with nuanced tone of voice that their users can understand. Interaction 
design can play a role in making tone of voice visible, tangible and accessible. Six 
Speaking Chairs and Speech Hedge are two projects that have already catalysed interdiscip-
linary debate. (Pullin and Cook 2013)  
A full paper was submitted on 31 October 2012 and accepted in princi-
ple, pending a more detailed peer review. 
 
journal paper iii––in a leading design journal 
Beyond audiences related to speech in many different ways, is the field of 
design research itself, in the emerging traditions of which this research is 
positioned. The paper 'Curating and creating design collections, from Social 
Mobiles to the Museum of Lost Interactions and Six Speaking Chairs' in 
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Design and Culture (Pullin 2010b) already makes a contribution to design 
studies. As a result of writing up this thesis another contribution has sug-
gested itself, based on adopting Fallman's model of design studies, design 
practice and design exploration. (Fallman 2008) 
Design Issues (MIT Press) is one of the top three academic journals for de-
sign research, the other two being Design Studies (Elsevier) and The Design 
Journal (Berg). It is also the journal in which Daniel Fallman's triangle was 
first published (Fallman 2008) and so seemed a fitting place to submit a 
paper that builds upon this, but Design Issues rejected a draft of the paper in 
September 2012. A redraft is underway, the working title 'Mapping inter-
disciplinary trade around design research.' Here is a draft of the opening 
abstract: 
Daniel Fallman's Interaction Design Research Triangle reconciles the activities of design stud-
ies, design practice and design exploration. This contrasts with models that make 
more of the distinction between different modes of design research, for example be-
tween research into design, for design and through design. Fallman considers that 
movement and tensions between (his) three perspectives makes interaction design 
research unique, therefore it is the flow between them that is mapped. 'Other disci-
plines' appear in one corner of the triangle but, with so much design research in the 
21st Century being quintessentially interdisciplinary, how might these relationships 
be illuminated? 
This paper will propose a way of mapping interdisciplinary design research. This 
is based on and builds on Fallman's triangle, not so much expanding it as inverting 
it, focussing on the space around the triangle rather than within. 
A case study is introduced relating to communication aids for people without 
speech, a rich area in which the broad subjects of speech, disability and technology 
overlap. Six Speaking Chairs and Speech Hedge explore radical new interactions with speech 
technology. Design played a role in visualising 'tone of voice', an elusive quality usu-
ally locked away in the esoteric language of phoneticians and other experts, making 
it accessible and discussable by a diverse lay audience. Interactions with phonetics 
and many other disciplines and with people without speech are mapped onto the tri-
angle. 
Trying to map research projects brings to mind expeditionary maps. But whilst 
exploration is an evocative metaphor for research, exchanging knowledge between 
disciplines alludes even more closely to trade, whatever it is that is exchanged be-
tween the parties. 
More particularly, the circulation around the Interaction Design Research Triangle 
brings to mind the ancient Mediterranean coastal trade-routes of the Phoenicians. 
There is something fitting about the way Phoenician civilisation was characterised by 
trade itself, amongst so many empires defined by their borders: positioning design 
in the middle of other disciplines, without laying claim to their territories, at the 
same time advocates a unique role for design research. 
A jointly-authored is under discussion with Daniel Fallman, to be sub-
mitted to an alternative journal. 
 
 
See navigational note 
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4.2.2 
complementary research projects 
Future projects that I might recommend that others do, to deepen or com-
plement this research, especially people with more traditionally scientific 
research methodologies. They might be able to––and be motivated to––
validate (or refute) aspects of this more exploratory research. Or to use my 
research as a new point of departure in their own specialist field. 
In a recent editorial in Innovation, the IDSA journal for industrial design-
ers, Steve Wilcox, who works in design with a scientific research training, 
argues for designers to understand their limitations as well as their potential 
as researchers: 
Today's designer really needs two research-related skill sets that yesterday's designer 
didn't need: the skill of doing research and the skill of working with researchers who 
are not designers. I feel that sometimes the former can get in the way of the latter. 
The difficulty is in figuring out which kind of research the designer should do and 
which kind of research the designer should expect a research partner to do... This 
isn't just a matter of quantitative research versus qualitative research, a market-
research distinction that doesn't really apply, in my opinion, to design research; it's a 
matter of scientific rigor, a rigor that requires scientific training to achieve. (Wilcox 
2012, 19) 
It is interesting that Wilcox goes on to underline the value of visualisa-
tion in research: 
Don't get me wrong: I'm a strong advocate of designers doing research. My point is 
that there's also design research that requires people with true scientific training. I'll 
also add, in the spirit of fairness, that researchers are probably worse than designers 
vis-à-vis the I-can-do-that syndrome, particularly when it comes to presenting in-
formation. (Can't everyone see the patterns in tables of numbers?) While I certainly 
think there's a need for dedicated researchers in design, there's just as much need for 
design in research as there is for research in design. (Wilcox 2012, 19) 
Here are four ideas for studies that I would be interested in supporting, 
but either not qualified or sufficiently motivated to conduct myself: 
 
study i––descriptive research to validate perspectives of tone of voice 
The responses to the 17 ways exercise suggests that emotional descriptors do 
not sufficiently accommodate the way people think about tone of voice, 
but could hardly be said to prove this. The number of respondents, at 
around 40, was not large enough, nor the statistical analysis of the re-
sponses rigorous enough to establish statistical significance of any kind. As 
to the recruitment of the respondents, they were deliberately not all speech 
technologists (the secondary study at CSTR Edinburgh included these 
though) or phoneticians, but many were speech and language therapists 
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and were voice experts in different ways. A more representational public 
audience would be more interesting and valid. More importantly still, the 
preparation of the exercise was not controlled enough. What was the 
(valid, positive) role and (perhaps dangerous) influence of the Six Speaking 
Chairs? Was the exercise framed in the correct language––for example, had 
we already explicitly challenged an emotional model?––so as not to skew 
the results? 
If analysis related to grounded theory were employed, perhaps a more 
authoritative set of categories than my 'emotional state', 'conversational 
intent', 'social context' and 'vocal qualities' could be generated? Perhaps this 
could even influence voice studies. 
I plan to ask AAC researchers whether this is something that might inter-
est them. 
 
study ii––employing the Six Speaking Chairs for further purposes 
Shannon Hennig, an AAC researcher at IIT, Italy, has told us that she has 
used the Six Speaking Chairs video to introduce issues around speech com-
munication to subjects and partners. (Shannon Hennig, personal corres-
pondence, 2 May 2011) Perhaps they could play an as yet unthought of 
role in other people's research, either by engaging people with speech or 
actually through the way in which they visualise intangible qualities. 
I will ask Hennig what ideas she could think of. 
 
study iii––technical feasibility of additive filters to generate tones of voice 
The notion behind Speech Hedge is that complex and nuanced tones of voice 
might be generated by combining a limited number of different signal 
modifiers in various combinations. It is acknowledges that because this is a 
bottom-up approach, any number of combinations of such filters might 
not result in recognised conversational tones of voice at all. It could make a 
good study for a speech technologist to explore the combined affects of 
tonal modifiers (whatever this might mean in terms of digital signal pro-
cessing––and perhaps this additive function would itself impact on their 
creation) and what percentage of random combinations might even be 
potentially 'useful' to an AAC user. 
I plan to ask Rob Clark at CSTR, Edinburgh whether this might make an 
interesting Masters project. 
 
 
4.2.3 interesting future expeditions    188 
study iv––descriptive research into subjective labelling of tones of voice 
Another notion behind Speech Hedge is that once someone had created a tone 
of voice they think might be 'useful' to them, they label it, subjectively, 
after the event. Another, related study, might involve subjects listening to 
spoken interjections (which could be recorded, not even synthesised) and 
labelling them according to the tone of voice that they perceive. One sub-
ject might label it as if they were to employ it in conversation; another 
having heard it spoken in a conversation (would this in itself make a differ-
ence?) What is challenging is that neither party has seen any facial expres-
sion or body language––which we know from Crystal and others to influ-
ence our interpretation of prosody. (Crystal 1995) 
Research at this fundamental level might be profoundly influential and 
inspiring when considering new interactions with tone of voice. 
I plan to ask Rob Clark at CSTR, Edinburgh whether this might make an 
interesting Masters project. 
 
 
4.2.3 
interesting future expeditions 
Based on the experience of Six Speaking Chairs and Speech Hedge, what my role 
might be in influencing this field in the future. What projects might stem 
directly, or indirectly? These might include further work with speech tech-
nologists and AAC manufacturers, speech technologists and users to bridge 
the gap between what might be imagined, be feasible and be useful. 
Here are ten ideas: 
 
project i––101 ways to say yes and no 
A recent, unsuccessful, EPSRC proposal with CSTR Edinburgh (submitted 
September 2011) which would have involved collaboration with Rob Clark 
and Centre for Speech Technology Research in exploring new freedoms in 
control of Text-To-Speech made possible by combining corpora-based 
speech synthesis (giving 'realism' based on actual human speech) with 
hidden Markov modelling (nonetheless giving flexibility to remodel 
prosody). 
 
project ii––open source model of tone of voice 
Exploring further the idea––contained within Speech Hedge, but as specula-
tion––of an open source model, emphasising the exchange of tones of 
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voice over the actual means of creating them. Given its inherently emergent 
nature, something would need to be built, distributed in some way and 
(hopefully) appropriated in unexpected ways by a community. This level of 
sophistication would necessitate a technical partner. 
 
project iii––yes no apparatus 
Creating a tool for other researchers (inspired by a conversation with 
speech and language therapist/pathologist and researcher Shannon Hennig, 
5 December 2011) allowing them to conduct their own experiments into 
the nature and role of tone of voice. Hennig herself favours it having a 
physical manifestation, being an 'iconic' piece of apparatus around which 
experiments are conceived, tapping into a tradition of technical equipment. 
But there are alternatives... 
 
project iv––yes/no app for iPhone 
An obvious alternative (which might bridge the previous two projects: the 
open source community and the research tool––this would require more 
knowledge about the growing field of open source development). If, as 
seems appropriate, the intonation were gesturally created on the 
touchscreen, this would also suggest a fascinating exercise in representing 
this visually: somehow capturing a trajectory, graphically. A fascinating 
piece of information design in itself. (Tufte 1997) 
 
project v––yes no toy 
A developmental tool for children (again inspired by a conversation with 
speech and language therapist/pathologist and researcher Shannon Hennig, 
5 December 2011) allowing them to literally play with tone of voice and 
thereby explore its freedoms and uses, by trial and error––not just error of 
vocalisation, but social error as well, the concept of appropriate and inap-
propriate tone being so difficult to define objectively. 
 
project vi––Babble objects Babble actions (BoBa) 
Infants start their journey to speech by babbling. In a (tiny) pilot project 
with Rosie Barthram, we visualised what a box of babble objects might 
look like, and how they might sound when used and abused by a very 
small child. This is a different manifestation of the theme of using design to 
make intangible and invisible qualities accessible. Perhaps it could be cata-
lytic in provoking discussion about the role of pre-speech communication 
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devices––if communication is even the right word: it may be more about 
playing with speech, alone. 
 
project vii––communication sheet with tone of voice 
If tone of voice is all but absent in speech generating devices, it is totally 
absent from paper-based communication sheets. Whilst many users may 
employ facial expression and body language during co-creation with con-
versational partners, others may not be able to. How might tone of voice be 
represented on a communication sheet? This began as a discussion with 
Meredith Allan (who used to use one) and Andrew Cook. Perhaps the 
precedent of emoticons is more relevant here, in such text-based com-
munication––but perhaps there are richer alternatives too. 
 
project viii––speaking communication sheet 
Exploring the middle ground between inert paper communication sheets 
and digital speech generating devices could be interesting territory, in the 
light of new technologies. David Frohlich at the University of Surrey is 
experimenting with paper electronics (and there are already speaking greet-
ing cards). What hybrid technology might suggest itself and what might 
the role of designers be in conceiving it? 
 
project ix––voice decks 
Lee Ridley (aka 'Lost Voice Guy') is a stand-up comedian currently enjoying 
success on the comedy circuit. He has cerebral palsy and uses a speech 
generating device to deliver his routine, his disability and artificial voice 
forming much of the comedy ("You may be wondering why I sound like a 
posh Robocop...")  
Taking the Speech Hedge concept and turning it into a set of twin-iPad 
'decks', reminiscent of DJ's record decks, would support Ridley's perform-
ance. Grounding even a conceptual project in a specific individual would 
give it depth, whilst conveying how personal and contextual communica-
tion is. 
 
project x––alternative roles for communication aids 
A broader project could expand on what a communication aid is still fur-
ther. Envisioning different physical forms that communication devices 
could take––whether wearable or integrated into mobile devices or wheel-
chairs in new ways––not in isolation, but with a view to the interactions 
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the person has with them and how these are perceived by their conversa-
tional partner (and where they are in all this). The notion of a communica-
tion aid being a (third) party in a conversation, a triad, leads further into 
what role it is actually playing: whether a part of the user, an extension of 
the user, a tool or a helper. This in turn could give a fresh perspective to 
what one might sound like. What then is the role of 'realism'? 'Age'? 'Sex'? 
Regional accent and other aspects of cultural identity? Even aesthetics? 
A project involving a design collection, featuring in vignettes in a video, 
could support more divergent discussions about issues that may be taken 
for granted. 
 
returning to ethics 
The last project was the original, and most ambitious for a working group 
as part of the CreST network. This was further defined at a workshop with 
David Mason (Toby Churchill Ltd), Alan Martin (AAC user), and speech 
and language therapists Gillian Main and Lucy Lowson at the Culture Lab, 
Newcastle University, on 7 December 2011. 
Our first step was to elicit input and opinions from AAC users as to their 
perspectives and dreams for AAC devices. Unfortunately, but not unexpect-
edly, the theme of the responses we did get were "a Liverpool accent" or 
else "IT WOULD F>>>ING WORK!!!!!!" (Alan Martin, reporting his own 
conversations with other AAC users, in personal correspondence, 16 Feb-
ruary 2012) In other words constrained by current expectations or in-
hibited by a day-to-day frustrations that made more imaginative engage-
ment seem naive or wasteful. 
Subsequently the group decided their priority was to make a more po-
litical film highlighting the human right to have a voice of one's own. 
Whichever the direction, I would endeavour to involve AAC users 
closely. One of the things I hope will result from the contacts I have made 
and the conversations I have started is to find a number of 'mentors' from 
the AAC community. This is a phrase that Colin Portnuff uses: "I’d like each 
of you in this room who are engaged in the science of speech and voice 
development to adopt as your mentor a person or community with im-
paired speech." (Portnuff 2006, 8) 
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project xi––cultural probes for AAC 
Perhaps this is one of the most profound roles that design could play, to 
engage users to contribute creatively that in turn could inspire radical yet 
grounded alternative solutions. 
Cultural probes is one respected technique. As originally introduced by 
Bill Gaver, Tony Dunne and Elena Pacenti: 
The cultural probes—these packages of maps, postcards, and other materials—were 
designed to provoke inspirational responses from elderly people in diverse commu-
nities. Like astronomic or surgical probes, we left them behind when we had gone 
and waited for them to return fragmentary data over time. 
The probes were part of a strategy of pursuing experimental design in a respon-
sive way. They address a common dilemma in developing projects for unfamiliar 
groups. Understanding the local cultures was necessary so that our designs wouldn’t 
seem irrelevant or arrogant, but we didn’t want the groups to constrain our designs 
unduly by focusing on needs or desires they already understood. We wanted to lead 
a discussion with the groups toward unexpected ideas, but we didn’t want to domi-
nate it. (Gaver, Dunne, and Pacenti 1999, 22) 
No-one has applied cultural probes to AAC, in which even personas are 
considered a radical technique. I believe that this could enrich the field. 
A sketch proposal for a six month work package has been sent to Dr Alis-
tair Edwards at the University of York for inclusion in a larger research 
proposal arising out of the CreST network (Alistair Edwards, personal cor-
respondence, 28 February 2013). 
 
  
4.3 
concluding remarks 
I hope that this research has made small contributions on a number of 
levels: offering fresh perspectives on tone of voice and interaction design at 
a detailed––and thereby tangible––level, whilst also raising the profile of 
the importance of tone of voice in spoken conversation. 
Perhaps the most profound revelation for me has been the increasing 
emphasis not just on conversation itself in the lives of people using AAC, 
but the role and impact of seeding new conversations within an AAC re-
search community. The two have co-existed throughout the project, but I 
think I have come to see how the latter is every bit as important as the 
former in defining my future research practice (rather than just being a 
means to an end). I am struck by whether curated exhibitions, which I have 
always been interested in, might form as much a part of my future research 
Gaver, Bill, Tony Dunne, 
and Elena Pacenti. 1999. 
'Cultural probes'. Interac-
tions, Volume 6, Issue 1, 
Jan./Feb. :21–29. New 
York: ACM 
See navigational note 
CONCEPT CARS TO 
CULTURAL PROBES. 
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as the design development that my experience at IDEO has more obviously 
prepared me for. 
At this point it is not clear to me whether the next expedition will in-
volve the tone of voice of speech, or whether another area of AAC or inter-
action design, but I am confident that I will be able to draw on the experi-
ence and learning from this research, wherever the next journey goes. 
This has felt a fascinating voyage, one in which small design steps and 
personal encounters coexisted with transcontinental and interdisciplinary 
travel. Such a reconciliation of views at different scale, from values to de-
tails, has always been part of my definition of good design. 
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A 
Portnuff's hierarchy of needs 
The part of Portnuff's lecture relating to the hierarchy of needs in full: 
So aside from the obvious composition speed issue, what is important to me? I see 
the problem as a Maslov’s [sic] Hierarchy of Needs kind of thing. 
At the base of a pyramid is SAPI 5 compatibility. If I can’t use the voice on my 
system, it is of no use to me.  
Next is intelligibility. If I can’t be understood, nothing else matters. Once you 
have achieved intelligibility, you can look to the next layer up in the pyramid. 
Next up for me, and closely related to intelligibility, would be pronunciation 
editing. No matter how good a developer you are, your system will undoubtedly 
mispronounce some words and many names. Let me set the pronunciation and em-
phasis for those words. I don’t have much of a sense of humor for mispronunciation 
most of the time. I spoke articulately and with good elocution before last year, and I 
want that capability now. 
Next, I want pitch and speed controls that don’t sound totally bizarre. A natural 
human speaker can vary the pitch and speed of speech without sounding like a ma-
chine. But the current pitch and speed controls are almost useless because they cause 
so much distortion that the voice becomes unintelligible. Why is this important? 
Well, it’s important for me because my wife is hard of hearing, and pitch is an im-
portant aspect of intelligibility for her. 
Expressiveness would be next. I want a question to sound like a question, and an 
exclamation to sound like an exclamation. I want to be able to sound sensitive or ar-
rogant, assertive or humble, angry or happy, sarcastic or sincere, matter of fact or 
suggestive and sexy. 
Multilingual capability is next up the pyramid. I used to speak reasonably fluent 
and perfectly accented French, and some Spanish. I want to be able to speak other 
languages than English, and in my selected voice. 
Loudness. I want a “shout” capability that is not the volume control on my 
speaker. Sometimes I need to get someone’s attention, but once I have it, I want to 
return to my conversational voice. Setting volume is very difficult. I feel like the 
Verizon commercial, only instead of, can you hear me now, I’m saying, is this too 
loud? How about now? How about now? The ability to shout could be life saving for 
someone with children. Next up is one that I have not heard mentioned, but when I 
raised the issue on a list serve for users of a.a.c. systems, it seemed to resonate with 
other users as well. 
I want to talk to animals. Dogs and horses in particular. They do not associate my 
synthesized voice with me. I don’t know if it is a spatial issue or a tonal issue, but 
they do not respond to the voice at all. I don’t know if this is true for all animals, or 
just for animals that knew me before I lost my voice, but I am afraid it is the former. 
For me this is a source of sadness, but if you use an animal for assistance, it could be 
critical. 
Finally, at the top of my pyramid would be the ability to sing, in my selected 
voice, with good timbre and naturally. And without being a musician. I used to sing 
with perfect pitch, but I could not write sheet music. (Portnuff 2006, 5–6) 
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B 
Design meets disability 
This research relates to, has been informed by, several themes from my 
book Design meets disability. This was written between 2004 and 2008 and so 
overlapped with this research by two years (although, once published, in 
2009, was not eligible for submission as part of this thesis). I have included 
a summary of my book because it constituted part of my research. 
The book and the thesis both advocate a role for design in the develop-
ment of appropriate assistive technology for disabled people, whereas de-
sign disciplines are currently conspicuous by their absence in this otherwise 
multidisciplinary endeavour. Its title, design meets disability, alludes to a 
meeting that has not really taken place yet, which might, if it were to, 
radically change not only disability-related design but design in all its 
forms. 
Each chapter is then another meeting: fashion meets discretion, simple 
meets universal. In each case the first word is somehow part of the culture 
of design, a (missing) concept, held dear; the last a quality more associated 
with disability-related design today. The chapters unpack and discuss the 
tension between these paired and in some ways conflicting priorities–
which are considered to be ultimately healthy, creative tensions, to be 
embraced in order to enrich, if not necessarily simplify, the field. 
The inclusion of designers would contribute not only valuable skills, 
skills that we take for granted in other markets, but also sensibilities com-
plementary to the technical and clinical cultures deep at the heart of reha-
bilitation engineering. The book also considers more exploratory roles for 
design, whether experimental approaches to new materials or design lan-
guages or in the form of critical design projects that provoke thought and 
conversation. 
The book considers assistive technology in general, from prosthetic 
limbs, wheelchairs, Braille in the built environment–although the final 
main chapter focuses on communication for people without speech.  
In order to give the broadest overview of the book's contents, and of 
those issues relating directly and indirectly to this thesis, here is a section 
taken from the introduction: 
initial tensions 
At the moment, there are significant differences between the cultures found within 
design and medical engineering—differences in values, methods, and even in ulti-
mate goals. These differences tend to keep them apart, as two separate fields. And if 
the two were brought together to collaborate, these differences would undoubtedly 
appendix B Design meets disability    197 
 
set up real tensions within teams. Each of the first seven chapters in this book con-
siders a distinct tension between the two cultures. Ultimately these could be har-
nessed as healthy tensions, the inevitable friction serving as a source of energy to 
catalyze new directions within each—perhaps even to fuse the communities to-
gether. 
The first chapter, fashion meets discretion, examines a traditional goal of medical 
design to compensate for disability as discretely as possible. But might flesh-colored 
prostheses and miniaturized hearing aids send out tacit signals that impairment is 
something to hide? In contrast, a shift in perspective from corrective prescription to 
fashionable eyewear has been influential in helping to all but remove the stigma as-
sociated with wearing glasses. This has come about not just by involving the skills of 
designers but also by adopting the culture of fashion. Maybe medical engineering 
could embrace this culture elsewhere. 
The second chapter, exploring meets solving, compares the problem-solving ap-
proach at the heart of medical engineering with more open-ended design explor-
ation. The contrasts are illustrated by different kinds of chairs: wheelchairs, and the 
chairs exhibited at the Milan furniture fair. For many within design for disability, the 
latter epitomizes the worst excesses of mainstream design, yet it is a mechanism by 
which design experiments and progresses. Rare examples of this type of exploration 
being applied to disability are shown. Perhaps there might one day be wheelchairs at 
Milan. 
The third chapter, simple meets universal, reconsiders the goals of inclusive de-
sign. A common assumption is that accessibility requires a redundancy of different 
sensory media. A definition of design for the whole population can also imply a flexible 
functionality, because different people may want to do different things. But this ten-
dency to try to be all things to all people can lead to complex, compromised, and 
confusing products. In contrast, as individuals we often value design that is simple 
and fit for the purpose. An example of Japanese design illustrates that simplicity, not 
always comprehensiveness, has a role to play in accessibility. 
The fourth chapter, identity meets ability, challenges the distinctions between in-
clusive design and design for special needs. Resonances can sometimes exist between 
the needs of people with a particular impairment and those of so-called able-bodied 
people in particular circumstances. Blurring these boundaries could change business 
models, but then demands a standard of design that a consumer market expects. 
Conversely, within populations of people with particular impairments, there may ex-
ist a diversity of attitudes toward their disability itself and about other issues. These 
cultural divisions should sometimes be respected and designed within, not across. 
The fifth chapter, provocative meets sensitive, introduces the method of critical 
design that is provoking new thinking about issues as diverse as energy policy and 
antisocial behavior. Disability merits this attention. Critical design is often deliber-
ately ambiguous and uncomfortable, and may employ humor, which could be con-
sidered insensitive. But countercultural groups within disabled populations are using 
dark humor to undermine unacceptable attitudes, and some have even started ex-
ploiting critical design themselves. 
The sixth chapter, feeling meets testing, contrasts the roles of prototyping in de-
sign and clinical practice. The development of medical devices is underpinned by an 
established methodology of clinical trials that demands testing in controlled condi-
tions. Meanwhile, designers increasingly view their role as creating not just objects 
but experiences too. A range of techniques has evolved called experience prototyping, in-
formal methods that embrace the complexities of context and are difficult to quan-
tify. Experience prototyping could play a valuable role alongside more formal meth-
ods, since the acceptability of any design for disability depends on the experience of 
living with it. 
The seventh chapter, expression meets information, finishes with a frontier of 
design for disability: the development of communication aids for people with speech 
and language impairments. In a field dominated by technical challenges and the 
appendix B Design meets disability    198 
 
goals of supposedly natural, transparent, or unambiguous interaction, a role for designers is 
not even widely acknowledged. Yet aesthetics in the broadest sense is as fundamental 
here as elsewhere, because all the qualities of a communication aid—its sounds, ap-
pearance, and interactions—contribute to the shared experience of its use. These 
qualities send out their own messages. 
 
meetings with designers 
Having considered design and disability broadly, the book ends with a series of more 
detailed meetings: discussion of the contributions that leading designers might 
make, and discourses with individual designers about particular briefs. For those in 
medical design, these meetings may offer a glimpse of how diverse design culture is 
in its approaches and values, and therefore how much more varied the roles and 
contributions of designers could be. For designers, the ways in which fellow design-
ers engage with the issues around disability might inspire similar or contrary 
thoughts. 
Design and disability are each full of diversity, each somehow richer at an individual 
level than the collective. Disabled people do not all share a single experience of their 
impairment, and these experiences are inseparable from the rest of their lives; like-
wise, designers do not follow a single approach to design, and each designer will 
even approach different briefs in different ways. New directions will emerge when 
individual designers work on specific projects and with disabled people. This is likely 
to produce quite different results each time, but a richness of complementary and 
even contradictory responses is what design and disability still needs and deserves. 
Seven longer discourses are interspersed with shorter speculations, juxtaposing 
well-known designers with briefs from design for disability, and asking: what might 
happen if Philippe Starck met bottom wipers, if Jasper Morrison met wheelchairs, if 
Hussein Chalayan met robot arms, if Jonathan Ive met hearing aids, if Paul Smith 
met hearing aids, if Cutler and Gross met hearing aids, if Tord Boontje met braille, 
if Durrell Bishop met communication aids, if Julius Popp met communication aids, 
if Dunne & Raby met memory aids, and if Stefan Sagmeister met accessibility sign-
age? 
The first of the longer discourses is Tomoko Azumi meets step stools. People 
with restricted growth can often find light switches and other fixtures out of reach, 
and some find it useful to carry around a set of folding steps. Designing lightweight 
yet stable folding steps is an engineering challenge in itself, but isn’t a disabled per-
son’s experience of owning such a product so much broader? Azumi is a designer 
whose furniture has combined discreet mechanisms with simple and humane forms. 
Her first thoughts offer a glimpse of future possibilities, were design to meet dis-
ability. 
The second discourse is Michael Marriott meets wheelchairs. Manual wheelchairs 
have advanced enormously in recent decades, converging with bicycles to share not 
only materials and components but also a common design language. Perhaps it was 
inevitable and appropriate that wheelchairs have come to emulate mountain bikes? 
Or perhaps there are alternatives. As a furniture designer who is equally passionate 
about chairs and bicycles, Marriott discusses the less obvious, more thought-
provoking inspiration that bicycles could provide. 
The third discourse is Martin Bone meets prosthetic legs. The form and function 
of prosthetic legs are often considered separately, with increasingly sophisticated 
damped or active mechanisms to assist walking, and designed to be worn with a 
flesh-colored cosmetic cover. Some amputees might choose to wear the mechanisms 
exposed, but as uncompromising pieces of technology. Or could prostheses be both 
honest and beautifully designed? Bone, an industrial designer at the consultancy 
IDEO, embraces a design philosophy that works outward from the inherent qualities 
of material. He discusses the materials he might select for a prosthetic leg, and what 
new forms might arise. 
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The fourth discourse is Graphic Thought Facility meets braille. The presence of 
braille in a public space sets up some intriguing contradictions: it can provide infor-
mation to a minority of blind people who read it, becoming an almost abstract visual 
and/or tactile decoration for everyone else. What might be gained from taking both 
experiences into account, and how might this change the nature of inclusive design? 
Graphic Thought Facility (GTF) has designed information graphics for museums and 
exhibitions, but has also experimented with different materials and textures on the 
scale of print. GTF’s early thoughts start to combine our visual and tactile experiences 
with, and counterintuitively, our distant and close-up perspectives of, braille. 
The fifth discourse is Crispin Jones meets watches for visually impaired people. 
There is a long tradition of watches that can be read by blind people. Historically 
these were as exquisite as any watch, being made by the same watchmakers. Are 
modern alternatives, some with speech synthesis, designed with the same sensibili-
ties? Jones is a designer and artist best known for his critical design pieces, which 
have included provocative reflections on the role of a watch. He considers the details 
of a tactile watch and the qualities that might be reflected back to its wearer. 
The sixth discourse is Andrew Cook meets communication aids. The underlying 
technology of most communication aids is text-to-speech, and this is often the 
fundamental user interface as well. This can exclude those qualities of spoken lan-
guage that are difficult to express in written language, especially the range and nu-
ances of the tone of voice. Cook is a young interaction designer and computer musi-
cian whose work is exploring new, playful, and expressive interactions with com-
puter-generated sound. We discuss applying these sensibilities to speech. 
The seventh and final discourse is Vexed meets wheelchair capes. People who 
use wheelchairs outdoors need protection from the rain that keeps them dry while 
sitting and can also be put on while seated. Capes are a practical solution, but they 
are shapeless and redolent of hiking. Vexed's clothing is an extraordinary weave of 
urban culture, fabric technology, and political agendas. The designers at Vexed be-
come inspired by thinking of wheelchairs in a broader context of urban mobility, 
alongside scooters and bicycles, and how a garment could be designed across these 
groups. 
The book finishes with a conclusion, returning to the theme of creative tensions 
and the importance of looking beyond traditional views of function. It ends with the 
hope that examples as much as principles will soon bring about more mutual influ-
ence between disability and design, because design inspires design. (Pullin 2009a, 
4–9) 
The book has received academic and non-academic reviews, in print, 
broadcast and on-line. Most relevant to this research was a formal academic 
review in the journal AAC, the leading academic journal in the field, which 
indicates a potential impact within AAC: 
Design Meets Disability may be compared to Donald Norman’s (1988) Psychology of Every-
day Things, which showed how research in cognitive psychology can inform commer-
cial design. Similarly, Design Meets Disability explains how commercial design principles 
can be used to make more personally identifiable and valuable assistive technologies. 
As important as Norman’s book was to technology design, Design Meets Disability could 
have a similar impact within the AT field. (Higginbotham 2010b, 228) 
This review is speculative––"could" have a similar impact––but encour-
aging. This engagement from within AAC is an important step in itself, 
since the ultimate goal is the appropriation of this manifesto by the field 
that it seeks to influence. 
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exploring meets solving 
Disability is associated with problems, both at an individual and societal 
scale, that demand and deserve solutions. The nature of this association is 
inseparable from the politics of disability, of whether disability is con-
sidered to arise from impairment, or whether from a society that disadvan-
tages and excludes people with impairments. Either way though, the prob-
lems are pressing and profound. 
Add to this the prevalent culture of engineering design within disability-
related design, and the association with problem solving is reinforced. 
Many engineering design processes begin with a definition of the problem, 
such as those three-, five- and seven-stage design processes described by 
inclusive design researchers Simeon Keates and John Clarkson, based (or-
iginally in the case of Keates) at the Engineering Design Centre at the Uni-
versity of Cambridge. (Keates and Clarkson 2003, 152–153) Keates and 
Clarkson stress that "although the 7-level approach is presented as a flow 
diagram, it is important to note that, in practice, each of the stages can be 
applied in an iterative manner" "However, the general order of application 
of the levels should be as shown in [a diagram of the 7-level design ap-
proach]". (Keates and Clarkson 2003, 153) 
In other words, defining the problem comes first. In the field of reha-
bilitation engineering, in which some developers' greater familiarity with 
technology than with the people they are designing for can lead to well-
meant but unacceptable solutions, this is an important and valuable re-
minder: that people must come first, not the technology. However, there is 
a danger that it precludes a more open-ended exploration and experimenta-
tion by which so many other fields of design are enriched and advanced. 
The projects described in this thesis are intended to contribute to the 
solving of a recognised problem: that communication devices lack expres-
siveness. But they are also open-minded in their exploration of alternative 
approaches, seeking not to provide a definitive solution but to expand the 
solution space, broaden and deepen the discussion. 
Not all design is about solving problems. Designers may revisit an object, a material, 
or a medium that has already been successfully designed, designed with, or designed 
within many times before, in which case the value does not lie in solving an un-
solved problem. Many art school disciplines involve exploration that can appear play-
ful and open-ended, but its intent may be no less serious for this. (Pullin 2009a, 41) 
 
appendix B Design meets disability    201 
 
when the Eameses met leg splints  
In the work of the American designers Charles and Ray Eames, problem 
solving (of which there was plenty) was tempered by a more playful and 
open-ended experimentation. The leg splint that they designed for the U.S. 
Navy in 1942 was undoubtedly an exercise in problem solving: how to 
support a seriously injured limb, in a splint that was rigid enough to afford 
support yet which transmitted less painful vibration than the previous metal 
structures–and was also practical to manufacture and to transport and dis-
tribute... It involved the invention of a new way of forming plywood into 
complex curves using a development of the "Kazam! machine" that the 
Eameses famously built in their own apartment. (Neuhart, Neuhart, and 
Eames 1998, 27) 
Yet after the war, Ray Eames transformed left-over splints into sculp-
tures, cutting into them with a jigsaw and painting them black. She was 
exploring new visual languages that their new material could support. And 
it was this exploration, as much as the technical development itself, that 
eventually led to the iconic, organic furniture with which the Eameses 
made a name for themselves and so first influenced the field of design. 
There is a further lesson here: just as the Eames' leg splint (indirectly) led 
to their subsequent, mainstream furniture so too might consideration of 
speech technology for people without speech lead to radical new interac-
tions with speech technology in more mainstream applications. (Pullin 
2009a, ix–xv) 
 
identity meets ability 
The idea that particular disability-related markets might act as crucibles for 
more widespread technologies is discussed further in identity meets ability 
(Pullin 2009a, 87–109). As is the blurring of boundaries between assistive 
technology, inclusive design and consumer markets. 
AAC user Colin Portnuff himself (perhaps because he had a career in 
product development at Hewlett Packard) advocates that every adult should 
have a sample of their voice stored in order to generate an artificial version 
should their own voice be lost, and speculates "There might even be some 
neat everyday application for that voice for people who are not disabled, 
although I can't think what that might be off hand." (Portnuff 2006, 3) 
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expression meets information 
In expression meets information (Pullin 2009a, 155–179), the last full 
chapter of Design meets disability, the field of AAC is introduced. Many of the 
themes of this thesis are introduced and, perhaps most important to note 
there, is the notion of speech as a design medium: 
Text-to-speech still tends to be treated far more as a technology than a designed me-
dium, as if the quest for so-called natural speech obviates design decisions about the 
nature of its artificiality. Performance artist Laurie Anderson has said, “Technology 
today is the campfire around which we tell our stories.” Technology can be a vehicle 
for communication, yet it also colors it. It is never entirely transparent, and its quali-
ties—its warmth, its brightness—can enrich or complicate our experience. At the 
moment, and perhaps for the foreseeable future, synthetic speech can be easily dis-
tinguished from human speech, and thus communication with an AAC device is 
never the same as communication without. Crafting the qualities of synthetic speech, 
working within the limits of the technology as it evolves, could in turn stimulate 
new directions for this technical development. (Pullin 2009a, 167) 
This is an important philosophy running through this research, to at-
tempt to approach speech technology as a design medium. 
 
provocative meets sensitive  
As will be discussed more fully in a subsequent chapter, in terms of contex-
tualising this work in design research, design often plays a role in asking 
questions, not necessarily proposing answers or solutions. This is also dis-
cussed in the book, in a chapter called provocative meets sensitive (Pullin 
2009a, 39–64). Certainly the Six Speaking Chairs fall into this category: they 
are not meant to be taken literally–indeed were designed to strongly sug-
gest this–their role being to catalyse and support new conversations about 
tone of voice in communication. 
Some of these new conversations have been seeded by three research pa-
pers presented at ISAAC, the principle forum for AAC is the biennial con-
ference of the International Society for Augmentative and Alternative 
Communication (ISAAC), notable for its mix of people with complex 
communication needs, speech and language professionals, researchers, 
developers and manufacturers of communication devices. To an interaction 
designer, one discipline is conspicuous by its absence in this interdiscipli-
nary mix. Three papers specifically relating to the research projects in this 
thesis. Two further papers have been presented at the ISAAC in Montréal 
and Barcelona, that expand on themes in the book itself: 
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design meets AAC 
In 'Design meets AAC' (Pullin 2008), returns to the role that interaction 
designers, through their sensibilities as well as their skills, might contribute 
to the field of AAC. 
"You cannot not communicate" are words attributed to the graphic de-
signer Erik Spiekermann, founder of the graphic group MetaDesign. (Sweet 
1999) He meant that whether graphics are designed or not, their form as 
well as their content will send out its own messages. Even a quiet under-
statement requires a skilled eye, whereas a lack of design quality speaks 
volumes. And just as there is no such thing as a wholly neutral graphic 
language, so also there is no such thing as a completely transparent AAC 
device.  
Of course this communication should be primarily an expression of the 
user's identity, not the designer's. In an equitable collaboration between 
Somiya, who has complex communication needs, and the designer Johanna 
Van Daalen from Electricwig, the skills and sensitivity of a designer were 
used to project the attitude of the user. (Buckley, Fennell, and Figueiredo 
2005) Together they designed a badge that Somiya can activate using a 
switch next to her head. Usually it innocently reads "somiya". When the 
switch is pressed this changes to "somiya says SOD OFF". What may seem 
at first sight to be a one-liner, is in fact much deeper. Even in text, Somiya's 
tone of voice comes across loud and clear and with it her personality. 
The paper concludes with a call for "aesthetics in the broadest sense" to 
be considered–and actively designed–within AAC. Whilst so many aspects 
of communication aids remain untouched by a graphic designer let alone 
an interaction designer, this affects not only the owner's everyday experi-
ence, but inevitably the way that they may be perceived by others.  
 
Typography, choreography and subtlety in communication displays 
In 'Typography, choreography and subtlety in communication displays' (Pullin 
2010a), the possibilities for radical new text displays within AAC are con-
sidered further. Interaction designers such as Durrell Bishop, Crispin Jones, 
Martin Frey are reinventing and redesigning text displays, whether based 
on arrays of LEDs, solenoids embedded within wooden surfaces or elec-
tromagnets hidden beneath ferrofluids. (Troika 2008) 
This exploration is often conceptual as well as aesthetic. In bit.fall, the ar-
tist Julius Popp displays common keywords from internet newsfeeds in a 
dot matrix formed of precisely controlled falling drops of water. (Antonelli 
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2008) The medium has been conceived in the context of the content it 
displays: as so much information running through our fingers. Speech too 
is by its nature ephemeral, prompting reflection on why is it we use the 
same displays to convey stored text or spoken communication. 
 
Subtle Subtitles 
As a perfect illustration of this in practice, the paper concludes with Subtle 
Subtitles. (Pringle 2010) This takes the form of an interactive scarf worn to 
help support a person's disarthric speech, which some conversational part-
ners–particularly strangers–may find difficult to follow at times. An Apple 
iPhone is worn in a scarf, running speech recognition software that has been 
trained on the wearer's own speech patterns. It is programmed to screen 
displays the longest, potentially most important words spoken, in a be-
spoke typeface that resembles writing in chalk on a blackboard. This is 
appropriately informal and personal, yet also manages to communicate a 
degree of tentativeness: speech recognition is never 100% accurate, so 
ultimately it is the listener's responsibility to decide what was said. The 
scarf is not only beautifully structured and knitted, but the knitting is 
echoed on the idle screen of the iPhone, uniting the composition. Pringle has 
considered aesthetics in the broadest sense. This final project was not fea-
tured in the book, having been designed after the manuscript was com-
pleted. Calum Pringle is a graduate of Digital Interaction Design at the Uni-
versity of Dundee, of which I am currently Course Director and Subtle Subti-
tles was his degree project (under my mentorship as module leader–
although I should stress that it was a self-initiated and self-directed project). 
I mention this to demonstrate that the issues contained in Design meets dis-
ability still run across my own teaching, practice and research. 
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C 
data and analysis from 17 ways to say yes  
and a million ways to say yes exercises 
 
Raw data from 17 ways to say yes exercise, following presentation of Six Speak-
ing Chairs, followed by analysis: 
scans of six responses (M 2, 3, 8, 9, 10, 12) to 17 ways to say yes; 
data from 17 ways to say yes exercise (M 1–28 and E 1–16); 
longlist of 520 tones; 
shortlist of 257 tones; 
mapping by author of 257 tones to 4 perspectives of tone of voice; 
mapping by Hennig of 257 tones to 4 perspectives of tone of voice 
Raw data from a million ways to say yes exercise, following presentation of 
Speech Hedge, followed by analysis: 
scans of six responses (L 1, 3, 6, 8, 10, 12) to a million ways to say yes; 
synthesis of 'coaxing'; 
synthesis of 'sarcastically'; 
synthesis of other tones 
 
 
 
206
207
208
209
210
211
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data from 17 ways to say yes exercise 
Respondents M 1–28 (Montréal, ISAAC, 6 August 2008) and E 1–16 
(Edinburgh, CSTR, 1 June 2009), each with up to 17 tone descriptors: 
 
M 1 M 2 M 3 M 4 M 5 M 6 
acknowledging 
breathily 
quietly 
definitely 
unsure 
laughingly 
questioningly 
sadly 
quickly 
meekly 
angrily 
consideringly 
timid/ shy 
sexy 
angry 
elated 
bored 
sad 
unbelieving 
drunk 
accepting 
accusing 
anticipating 
slyly 
frightened 
controlling - in 
power 
formal 
schoolyard slang 
affirmative 
hesitating 
surprised 
enthusiastic 
curious 
questioning 
tired 
annoyed 
expectantly 
thoughtfully 
conclusive/ 
determined 
angrily 
shouting 
sad 
happy 
hurried 
whispering 
shyly 
laughingly 
crying/ tearfully 
dreamily 
erotically 
sexually 
playfully 
tiredly 
drawn out 
hungrily 
doggedly 
standof(f)ishly 
hurriedly 
musically 
grumpily 
repeatedly 
silently 
encouragingly 
suggestively 
mysteriously 
ah-ha-discovery 
oh goody/ with 
glee 
uncertainty yeees 
congenially (I'm 
with you) 
warmly (I like) 
coldly (it's true 
but I don't like) 
serious 
playful 
cheerfully 
self de-
pra(e)cating 
excited 
definite 
grateful (yes 
thankyou) 
wistfully 
yes that means no 
yes that means 
maybe 
yes that means 
hmmm 
yes. 
yes! 
yes? 
yes [space] 
12 16 17 17 17 0* not on longlist 
 
M 7 M 8 M 9 M 10 M 11 M 12 
questioning 
definite 
sarcastic 
tentative 
enthusiastic 
supportive 
embarrassed 
thoughtful 
defensive 
neutral 
encouraging 
probing 
empathic 
brisk 
noncommittal 
irritated 
agreeing 
reluctantly 
defiantly 
excitedly 
questioningly 
flirtily 
enthusiastically 
encouragingly 
peacefully 
fearfully 
sarcastically 
intellectually 
forcefully 
question-ly 
uncertainty 
(with) 
surprise (with) 
excitement (with) 
whisper/ 
conspiratorially 
dismissive 
distracted 
quickly (feed-
back) 
angrily 
fearfully 
sad 
happiness 
sarcastic 
happy 
disappointed 
surprised 
angry 
shy 
afraid 
aggressive 
warmly 
hard 
enthusiastic 
ugly 
loving 
developing 
curious 
spontan(e)ity 
smile in the voice 
tired 
appreciatively 
doubtfully 
suspiciously 
bored 
impatiently 
cautiously 
encouragingly 
tentatively 
reflecting 
determinedly 
questioningly 
enthusiastically 
solved the 
problem! 
definitely 
absolutely 
OK 
yes (have you 
done it) 
yes! (yes Mum) 
nod 
gesture 
yes (when yes 
means no - ha 
ha) 
yes (sarcasm) 
Y-E-S (spelt out) 
emphasis 
17 11 14 17 13 10 
 
M 13 M 14 M 15 M 16 M 17 M 18 
embarrassed 
drunkenly 
assertively 
shyly 
excitedly 
seductively 
smartly 
sweetly 
happily 
angrily 
exasperated 
tensely 
curiously 
haughtily 
bored 
disinterested 
desperately 
eager 
tired 
grumpy 
uncertainly 
pensively 
thoughtfully 
exhilaratingly 
consolingly 
hesitatingly 
encouragingly 
impatiently 
sarcastically 
firmly 
gently 
questioningly 
hesitantly 
sarcastically 
tersely 
angrily 
moodily 
shyly 
robotically 
coaxingly 
provok(c)atively 
absentmindedly 
dismissively 
invitingly 
sweetly 
happily 
firmly 
excitedly 
relief (with) 
snappily 
sarcastically 
sympathetically 
unassuredly 
shyly 
slyly 
appreciatively 
encouragingly 
passionately 
business-like 
(short) 
softly, lovingly 
laughingly, 
jokingly 
angry - begrudg-
ingly 
uncertain to idea 
disinterested but 
there (boring) 
questioning 
excited as in 
euri(e)ka - yes! 
Got it!! 
wondering - 
hmmm… yes 
angrily 
sadly 
resignedly 
frustratingly 
flexibly 
unequivocally 
expertly 
worriedly 
swearingly 
fiercely 
sarcastically 
profoundly 
sophisticatedly 
doggedly 
excitedly 
unabashedly 
thrillingly 
23 6 17 12 9 17 
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M 19 M 20 M 21 M 22 M 23 M 24 
whisper 
sarcastic 
British dialect 
Jersey accent 
angry 
sadly 
enthusiastically 
uncertain 
questioningly 
confidently 
suspiciously 
genuinely 
laughingly 
confused 
dramatic 
professionally 
firmly 
yelling (not 
angry) 
humbly 
angry 
frustrated 
happy 
bored 
patronizing 
sad 
no (=) 
maybe (=) 
never (=) 
sure (=) 
laughing 
sadly 
yelling (could be 
in an angry way 
or excited way) 
seductively? for 
those special 
times 
disgusted 
ecstatic 
mournful 
skeptical 
enthusiastic 
sexily 
exhausted 
dead 
reverently 
cheekily 
mon(o)tonically 
robotically 
automatically 
sympathetically 
with extreme 
effort 
offhand 
encouraging 
perplexed 
lovingly 
scared 
intrigued 
surprised 
drowsy 
shy 
embarrassed 
excited 
impressed 
jokingly 
sarcastically 
tearful 
angry 
frustrated 
joyous 
dry - not want to 
show emotion 
due to lack of 
interest 
forceful 
happily 
dreamily 
excitedly 
southern drawl 
(USA) (with a) 
John Wayne 
(like) 
Marilyn Monroe 
(like) 
sweetly 
ironically 
emphatically 
bored 
angrily 
dysfluently 
timidly 
seductively 
impatiently 
sleepily 
hesitantly 
19 10 4 16 19 18 
 
M 25 M 26 M 27 M 28   
yes 
yeah 
ya 
yeah yeah 
yo 
yep 
- modify the word 
with its intonation 
- combined 
intonation/ word 
(three axes) 
stative-emotive 
filler-meaningful 
unidirectional (not 
targeted audience) - 
dialogue 
enthusiastically 
sarcastic (by 
lengthening 
enthusiastic) 
questioning 
(dizzy female) 
tentative (by 
lengthening 
questioning) 
authoritative 
angry (by 
lengthening 
authoritative) 
(grid of) three 
intonation contours 
and three durations 
definite 
questioning 
unsure doubtful 
surprised 
(positive) 
surprised 
(negative) 
irritated annoyed 
scared 
bored 
  
0* not on longlist 0* 6 8   
 
E 1 E 2 E 3 E 4 E 5 E 6 
happily 
sarcastic 
annoyed 
disappointed 
sad/ upset 
excited 
exclaimation 
whispering 
apathetic 
anger 
surprised 
neutral/ 
uncommitted 
positive 
very positive 
hesitant 
very hesitant 
negative 
very negative 
agreement 
disagreement 
combinations of the 
above and several 
variations within 
each 
happy 
sad 
bored 
yell 
whisper 
tense 
fear 
soft 
question 
disgust 
surprise 
upset 
sarcastic 
modal 
kind 
laughing 
neutral 
friendly 
angry 
sad 
empathetic 
annoyed 
bored 
excited 
happy 
disapproving 
happy 
angry 
surprise 
agreeable 
disagreeable 
determined 
unconvinced 
hopeful 
? 
tense 
unin? 
? 
? 
[?=illegible] 
cheerfully 
sarcastically 
disbelievingly 
slury 
whispering 
questioning 
excitedly 
surprised 
grumpily 
shyly 
unconvinced 
shouting 
singing 
amused 
thankfully 
willingly 
empatheticly 
11 9 16 10 13 17 
 
E 7 E 8 E 9 E 10 E 11 E 12 
sarcastic 
surprised 
interested 
bored 
worried 
enthusiastic 
hesitant 
demanding 
annoyed 
amused 
kind/ concerned 
defiant 
sceptical 
triumphant 
upset 
irate 
tired 
enthusiastic 
pleading 
questioning 
insisting 
unbelieving 
uninterested 
dominating 
submissive 
flattering 
neutral 
supportive 
confidential 
soft 
angry 
doubtful 
question 
assertive 
happy 
surprised 
excited 
sad 
afraid 
uncertainly 
suggesting 
sarcastic 
matter of fact 
assertive 
questioning 
acknowledgement 
self-deprecating 
plaintive 
requesting 
consoling 
screaming 
(anger) 
non-commital 
light-hearted 
bored 
evasive 
dismissive 
supportive 
doubtful 
surprised 
whimsical 
resigned 
laughing 
teasing 
confused 
cheerful 
melancholic 
terse/ short 
disbelief 
neutral/ falling, 
short 
enthusiastic 
defensive 
aggressive 
listless 
prompting 
uncertain 
questioning 
15 14 10 12 17 8 
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E 13 E 14 E 15 E 16   
silently 
happily 
sadly 
angrily 
quietly 
surprised 
informal 
authoritatively 
pleadingly 
sarcastically 
uncertain 
upset 
neutral 
happy 
sad 
uncertain 
disagreement 
agreement 
bored 
don't care 
imperative 
questioning 
confirmation 
sarcastic 
don't believe you 
angry 
dismissive 
encouragement 
request 
urgent 
apprehensive 
enthusiastic 
tired 
thoughtful 
sad 
defeated 
Tiggerish 
questioning 
assertive 
uncertain 
overpowering 
uptalking 
whining 
complaining 
moaning 
snippy 
sarcastic 
(three axes) 
tense-calm-neutral 
passive-active 
quiet-loud 
place your tone of voice 
in here 
  
12 18 17 0* not on longlist   
 
 
longlist of 520 tones 
As typed, in alphabetical order: 
 
absentmindedly 
absolutely 
accepting 
accusing 
acknowledgement 
acknowledging 
affirmative 
afraid 
afraid 
aggressive 
aggressive 
agreeable 
agreeing 
agreement 
agreement 
ah-ha-discovery 
amused 
amused 
anger 
angrily 
angrily 
angrily 
angrily 
angrily 
angrily 
angrily 
angrily 
angry 
angry 
angry 
angry 
angry 
angry 
angry 
angry 
angry 
angry - begrudg-
ingly 
angry (by 
lengthening 
authoritative) 
annoyed 
annoyed 
annoyed 
annoyed 
anticipating 
apathetic 
appreciatively 
appreciatively 
apprehensive 
assertive 
assertive 
assertive 
assertively 
authoritative 
authoritatively 
automatically 
bored 
bored 
bored 
curious 
curiously 
dead 
defeated 
defensive 
defensive 
defiant 
defiantly 
definite 
definite 
definite 
definitely 
definitely 
demanding 
desperately 
determined 
determinedly 
developing 
disagreeable 
disagreement 
disagreement 
disappointed 
disappointed 
disapproving 
disbelief 
disbelievingly 
disgust 
disgusted 
disinterested 
disinterested but 
there (boring) 
dismissive 
dismissive 
dismissive 
dismissively 
distracted 
doggedly 
doggedly 
dominating 
don't believe you 
don't care 
doubtful 
doubtful 
doubtfully 
dramatic 
drawn out 
dreamily 
dreamily 
drowsy 
drunk 
drunkenly 
dry - not want to 
show emotion 
due to lack of 
interest 
dysfluently 
eager 
ecstatic 
elated 
embarrassed 
excited as in 
euri(e)ka - yes! 
Got it!! 
excitedly 
excitedly 
excitedly 
excitedly 
excitedly 
excitedly 
excitement (with) 
exclaimation 
exhausted 
exhilaratingly 
expectantly 
expertly 
fear 
fearfully 
fearfully 
fiercely 
firendly 
firmly 
firmly 
firmly 
flattering 
flexibly 
flirtily 
forceful 
forcefully 
formal 
frightened 
frustrated 
frustrated 
frustratingly 
gently 
genuinely 
gesture 
grateful (yes 
thankyou) 
grumpily 
grumpily 
grumpy 
happily 
happily 
happily 
happily 
happily 
happiness 
happy 
happy 
happy 
happy 
happy 
happy 
happy 
happy 
hard 
haughtily 
hesitant 
hesitant 
hesitantly 
laughingly 
laughingly 
laughingly, 
jokingly 
light-hearted 
listless 
loving 
lovingly 
Marilyn Monroe 
(like) 
matter of fact 
maybe (=) 
meekly 
melancholic 
moaning 
modal 
mon(o)tonically 
moodily 
mournful 
musically 
mysteriously 
negative 
neutral 
neutral 
neutral 
neutral 
neutral/ falling, 
short 
neutral/ 
uncommitted 
never (=) 
no (=) 
nod 
non-commital 
noncommittal 
offhand 
oh goody/ with 
glee 
OK 
overpowering 
passionately 
patronizing 
peacefully 
pensively 
perplexed 
plaintive 
playful 
playfully 
pleading 
pleadingly 
positive 
probing 
professionally 
profoundly 
prompting 
provok(c)atively 
question 
question 
question-ly 
questioning 
sad 
sad 
sad 
sad 
sad/ upset 
sadly 
sadly 
sadly 
sadly 
sadly 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic 
sarcastic (by 
lengthening 
enthusiastic) 
sarcastically 
sarcastically 
sarcastically 
sarcastically 
sarcastically 
sarcastically 
sarcastically 
sarcastically 
scared 
scared 
sceptical 
schoolyard slang 
screaming 
(anger) 
seductively 
seductively 
seductively? for 
those special 
times 
self de-
pra(e)cating 
self-deprecating 
serious 
sexily 
sexually 
sexy 
shouting 
shouting 
shy 
shy 
shyly 
shyly 
shyly 
shyly 
shyly 
silently 
silently 
singing 
surprised 
(negative) 
surprised 
(positive) 
suspiciously 
suspiciously 
swearingly 
sweetly 
sweetly 
sweetly 
sympathetically 
sympathetically 
tearful 
teasing 
tense 
tense 
tensely 
tentative 
tentative (by 
lengthening 
questioning) 
tentatively 
terse/ short 
tersely 
thankfully 
thoughtful 
thoughtful 
thoughtfully 
thoughtfully 
thrillingly 
Tiggerish 
timid/ shy 
timidly 
tired 
tired 
tired 
tired 
tired 
tiredly 
triumphant 
ugly 
unabashedly 
unassuredly 
unbelieving 
unbelieving 
uncertain 
uncertain 
uncertain 
uncertain 
uncertain 
uncertain to idea 
uncertainly 
uncertainly 
uncertainty 
(with) 
uncertainty yeees 
unconvinced 
unconvinced 
unequivocally 
unin? 
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bored 
bored 
bored 
bored 
bored 
bored 
bored 
bored 
breathily 
brisk 
British dialect 
business-like 
(short) 
cautiously 
cheekily 
cheerful 
cheerfully 
cheerfully 
coaxingly 
coldly (it's true 
but I don't like) 
complaining 
conclusive/ 
determined 
confidential 
confidently 
confirmation 
confused 
confused 
congenially (I'm 
with you) 
consideringly 
consoling 
consolingly 
controlling - in 
power 
crying/ tearfully 
curious 
embarrassed 
embarrassed 
empathetic 
empatheticly 
empathic 
emphatically 
encouragement 
encouraging 
encouraging 
encouragingly 
encouragingly 
encouragingly 
encouragingly 
encouragingly 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastic 
enthusiastically 
enthusiastically 
enthusiastically 
enthusiastically 
erotically 
evasive 
exasperated 
excited 
excited 
excited 
excited 
excited 
hesitantly 
hesitating 
hesitatingly 
hopeful 
humbly 
hungrily 
hurried 
hurriedly 
impatiently 
impatiently 
impatiently 
imperative 
impressed 
informal 
insisting 
intellectually 
interested 
intrigued 
invitingly 
irate 
ironically 
irritated 
irritated annoyed 
Jersey accent 
John Wayne 
(like) 
jokingly 
joyous 
kind 
kind/ concerned 
laughing 
laughing 
laughing 
laughingly 
questioning 
questioning 
questioning 
questioning 
questioning 
questioning 
questioning 
questioning 
questioning 
questioning 
(dizzy female) 
questioningly 
questioningly 
questioningly 
questioningly 
questioningly 
quickly 
quickly (feed-
back) 
quietly 
quietly 
reflecting 
relief (with) 
reluctantly 
repeatedly 
request 
requesting 
resigned 
resignedly 
reverently 
robotically 
robotically 
sad 
sad 
sad 
sad 
sad 
skeptical 
sleepily 
slury 
slyly 
slyly 
smartly 
smile in the voice 
snappily 
snippy 
soft 
soft 
softly, lovingly 
solved the 
problem! 
sophisticatedly 
southern drawl 
(USA) (with a) 
spontan(e)ity 
standof(f)ishly 
submissive 
suggesting 
suggestively 
supportive 
supportive 
supportive 
sure (=) 
surprise 
surprise 
surprise (with) 
surprised 
surprised 
surprised 
surprised 
surprised 
surprised 
surprised 
surprised 
surprised 
uninterested 
unsure 
unsure doubtful 
upset 
upset 
upset 
uptalking 
urgent 
very hesitant 
very negative 
very positive 
warmly 
warmly (I like) 
whimsical 
whining 
whisper 
whisper 
whisper/ 
conspiratorially 
whispering 
whispering 
whispering 
willingly 
wistfully 
with extreme 
effort 
wondering - 
hmmm… yes 
worried 
worriedly 
Y-E-S (spelt out) 
emphasis 
yell 
yelling (could be 
in an angry way 
or excited way) 
yelling (not 
angry) 
yes (have you 
done it) 
yes (sarcasm) 
yes (when yes 
means no - ha 
ha) 
yes! (yes Mum) 
90 90 90 90 90 90/540 
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shortlist of 257 tones 
Rewritten as adverbs, in alphabetical order: 
 
"yes" she 
said... 
     
absentmindedly 
absolutely 
acceptingly 
accusingly 
acknowledging(ly) 
affirmatively 
aggressively 
agreeably 
agreeing(ly) 
amused(ly) 
angrily 
angrily/begrudgingly 
annoyed(ly) 
anticipating(ly) 
apathetically 
appreciatively 
apprehensively 
as if dead 
as if to say "ah-ha! 
discovery!" 
as if to say "I don't 
believe you" 
as if to say "I don't 
care" 
as if to say "problem 
solved!" 
assertively 
authoritatively 
automatically 
bored(ly) 
breathily 
briskly 
business-like(ly) 
cautiously 
cheekily 
cheerfully 
coaxingly 
coldly 
complainingly 
conclusively 
confidentially 
confidently 
confirmation(ally) 
confused(ly) 
congenially 
consideringly 
consolingly 
controlling(ly) 
crying/ tearfully 
curiously 
defeated(ly) 
defensively 
defiantly 
definitely 
demanding(ly) 
desperately 
determinedly 
developing(ly) 
disagreeably 
disagreeing(ly) 
disappointedly 
disapprovingly 
disbelievingly 
disgustedly 
disinterestedly 
dismissively 
distractedly 
doggedly 
dominating(ly) 
doubtfully 
dramatically 
drawn out(ly) 
dreamily 
drowsily 
drunkenly 
dryly 
dysfluently 
eagerly 
ecstatically 
elatedly 
embarrassed(ly) 
empathetically 
emphasisingly 
encouragingly 
enthusiastically 
erotically 
evasively 
exasperated(ly) 
excitedly 
excitedly (as if 
to say "eu-
reka!") 
exclaiming(ly) 
exhaustedly 
exhilaratingly 
expectantly 
expertly 
fearfully 
fiercely 
firmly 
flatteringly 
flexibly 
flirtily 
forcefully 
formally 
friendly 
frustrated(ly) 
gently 
genuinely 
gratefully 
grumpily 
happily 
hard(ly) 
haughtily 
hesitantly 
hesitantly 
hopefully 
humbly 
hungrily 
hurriedly 
impatiently 
imperatively 
impressed(ly) 
informally 
insistently 
intellectually 
interestedly 
intrigued(ly) 
invitingly 
irate(ly) 
ironically 
irritatedly 
jokingly 
joyously 
kindly 
kindly/concernedly 
laughing 
laughingly, 
jokingly 
light-heartedly 
like John Wayne 
like Marilyn 
Monroe 
listlessly 
lovingly 
matter of 
fact(ly) 
maybe(ly) 
meekly 
melancholically 
moaning 
modal(ly?) 
monotonically 
moodily 
mournfully 
musically 
mysteriously 
negatively 
negatively (very) 
neutrally 
noncommitally 
offhandly 
overpoweringly 
passionately 
patronizingly 
peacefully 
pensively 
perplexedly 
plaintively 
playfully 
pleadingly 
positively 
probingly 
professionally 
profoundly 
promptingly 
provocatively 
questioningly 
questioningly 
(like a dizzy 
female) 
quickly 
quietly 
reflectively 
relieved(ly) 
reluctantly 
repeatedly 
requesting(ly) 
 
resignedly 
reverently 
robotically 
sadly 
sarcastically 
sceptically 
screaming 
(anger) 
seductively 
self-
deprecatingly 
seriously 
sexily 
sexually 
shouting 
shyly 
silently 
singing 
sleepily 
slurring(ly) 
slyly 
smartly 
snappily 
snippy 
softly 
softly, lovingly 
sophisticatedly 
spontaneously 
standoffishly 
submissively 
suggesting(ly) 
suggestively 
supportively 
surprised 
(negative) 
surprised 
(positive) 
surprised(ly) 
suspiciously 
swearingly 
sweetly 
sympathetically 
tearfully 
teasingly 
tensely 
tentatively 
tersely 
 
thankfully 
thoughtfully 
thrillingly 
Tiggerish(ly) 
timidly 
tiredly 
triumphant(ly) 
ugly 
unabashedly 
unassuredly 
unbelievingly 
uncertainly 
unconvinced(ly) 
unequivocally 
uninterestedly 
unsurely 
upset(ly) 
uptalking(ly) 
urgently 
very positively 
warmly 
whimsically 
whining 
whispering 
willingly 
wistfully 
with a British 
dialect 
with a Jersey 
accent 
with a smile in 
the voice 
with a Southern 
drawl 
with extreme 
effort 
with glee 
with schoolyard 
slang 
wondering(ly) 
worried(ly) 
yelling 
yelling (not 
angry) 
43 45 46 43 43 37/257 
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mapping by author 
According to 4 perspectives of tone of voice: 
 
Social Emotional Conversational Vocal none of 
the 4 
authoritatively 
business-like(ly) 
cheekily 
confidentially 
confidently 
congenially 
consolingly 
controlling(ly) 
defiantly 
dominating(ly) 
embarrassed(ly) 
empathetically 
erotically 
expertly 
flatteringly 
flexibly 
flirtily 
formally 
friendly 
haughtily 
humbly 
informally 
intellectually 
irritatedly 
kindly 
kindly/concernedly 
lovingly 
meekly 
offhandly 
overpoweringly 
passionately 
patronizingly 
playfully 
professionally 
reverently 
self-deprecatingly 
seriously 
sexily 
sexually 
shyly 
smartly 
snippy 
softly, lovingly 
sophisticatedly 
standoffishly 
submissively 
supportively 
swearingly 
sweetly 
sympathetically 
timidly 
triumphant(ly) 
warmly 
willingly 
with a British 
dialect 
with schoolyard 
slang 
 
absentmindedly 
aggressively 
angrily 
angrily/begrudgingly 
annoyed(ly) 
apathetically 
apprehensively 
as if to say "I don't 
care" 
bored(ly) 
cautiously 
cheerfully 
coldly 
confused(ly) 
disappointedly 
disgustedly 
disinterestedly 
distractedly 
dreamily 
drowsily 
drunkenly 
eagerly 
ecstatically 
elatedly 
exasperated(ly) 
excitedly 
exhaustedly 
fearfully 
fiercely 
frustrated(ly) 
grumpily 
happily 
hungrily 
irate(ly) 
joyously 
listlessly 
melancholically 
moodily 
mournfully 
pensively 
perplexedly 
relieved(ly) 
sadly 
screaming (anger) 
sleepily 
snappily 
surprised (negative) 
surprised (positive) 
suspiciously 
tearfully 
tensely 
tiredly 
uninterestedly 
upset(ly) 
wistfully 
with a smile in the 
voice 
with glee 
worried(ly) 
absolutely 
acceptingly 
accusingly 
acknowledging(ly) 
affirmatively 
agreeably 
agreeing(ly) 
amused(ly) 
anticipating(ly) 
appreciatively 
as if to say "ah-ha! 
discovery!" 
as if to say "I don't 
believe you" 
as if to say 
"problem 
solved!" 
assertively 
automatically 
coaxingly 
complainingly 
conclusively 
confirmation(ally) 
consideringly 
curiously 
defeated(ly) 
defensively 
definitely 
demanding(ly) 
desperately 
determinedly 
developing(ly) 
disagreeably 
disagreeing(ly) 
disapprovingly 
disbelievingly 
dismissively 
doggedly 
doubtfully 
dramatically 
dryly 
encouragingly 
enthusiastically 
evasively 
excitedly (as if to 
say "eureka!") 
exclaiming(ly) 
exhilaratingly 
expectantly 
firmly 
forcefully 
genuinely 
gratefully 
hopefully 
impatiently 
imperatively 
impressed(ly) 
insistently 
interestedly 
intrigued(ly) 
invitingly 
ironically 
jokingly 
laughingly, 
jokingly 
light-heartedly 
matter of fact(ly) 
maybe(ly) 
moaning 
mysteriously 
negatively 
negatively (very) 
noncommitally 
plaintively 
pleadingly 
positively 
probingly 
profoundly 
promptingly 
provocatively 
questioningly 
questioningly 
(like a dizzy 
female) 
reflectively 
reluctantly 
requesting(ly) 
resignedly 
sarcastically 
sceptically 
seductively 
slyly 
spontaneously 
suggesting(ly) 
suggestively 
surprised(ly) 
teasingly 
tentatively 
thankfully 
thoughtfully 
thrillingly 
unabashedly 
unassuredly 
unbelievingly 
uncertainly 
unconvinced(ly) 
unequivocally 
unsurely 
uptalking(ly) 
urgently 
very positively 
whimsically 
breathily 
briskly 
crying/ tearfully 
drawn out(ly) 
dysfluently 
emphasisingly 
gently 
hard(ly) 
hesitantly 
hesitantly 
hurriedly 
laughing 
like John Wayne 
like Marilyn 
Monroe 
monotonically 
musically 
peacefully 
quickly 
quietly 
repeatedly 
robotically 
shouting 
silently 
singing 
slurring(ly) 
softly 
tersely 
Tiggerish(ly) 
whining 
whispering 
with a Jersey 
accent 
with a Southern 
drawl 
with extreme 
effort 
wondering(ly) 
yelling 
yelling (not 
angry) 
as if dead 
modal(ly?) 
neutrally 
ugly 
56 57   104 36  4/257 
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mapping by Shannon Hennig 
According to 4 perspectives of tone of voice: 
 
Social Emotional Conversational Vocal none of 
the 4 
enthusiastically 
shyly 
laughing 
annoyed(ly) 
assertively 
empathetically 
cheerfully 
impatiently 
seductively 
supportively 
aggressively 
amused(ly) 
confused(ly) 
consolingly 
curiously 
defensively 
defiantly 
disbelievingly 
lovingly 
resignedly 
self-deprecatingly 
slyly 
sympathetically 
unbelievingly 
acceptingly 
apathetically 
apprehensively 
cheekily 
congenially 
defeated(ly) 
disagreeably 
distractedly 
dominating(ly) 
ecstatically 
erotically 
expertly 
flatteringly 
flirtily 
friendly 
gently 
genuinely 
gratefully 
haughtily 
hopefully 
humbly 
intellectually 
interestedly 
intrigued(ly) 
invitingly 
joyously 
kindly 
meekly 
mysteriously 
with glee 
overpoweringly 
passionately 
patronizingly 
professionally 
provocatively 
questioningly 
(like a dizzy 
female) 
reflectively 
relieved(ly) 
with schoolyard 
slang 
smartly 
with a smile in 
the voice 
sophisticatedly 
standoffishly 
submissively 
suggesting(ly) 
suggestively 
swearingly 
thankfully 
triumphant(ly) 
unabashedly 
unassuredly 
uptalking(ly) 
whimsically 
willingly 
wistfully 
wondering(ly) 
angrily 
sadly 
happily 
excitedly 
surprised(ly) 
fearfully 
tiredly 
embarrassed(ly) 
frustrated(ly) 
upset(ly) 
disappointedly 
disgustedly 
irritatedly 
angrily/begrudgingly 
elatedly 
exhaustedly 
exhilaratingly 
hungrily 
irate(ly) 
melancholically 
peacefully 
thrillingly 
sarcastically 
questioningly 
uncertainly 
encouragingly 
hesitantly 
dismissively 
thoughtfully 
agreeing(ly) 
doubtfully 
firmly 
tentatively 
acknowledging(ly) 
appreciatively 
determinedly 
disagreeing(ly) 
disinterestedly 
noncommitally 
playfully 
pleadingly 
requesting(ly) 
sceptically 
suspiciously 
tersely 
unconvinced(ly) 
unsurely 
worried(ly) 
absentmindedly 
absolutely 
accusingly 
affirmatively 
agreeably 
anticipating(ly) 
cautiously 
coaxingly 
conclusively 
confidentially 
confidently 
confirmation(ally) 
consideringly 
demanding(ly) 
desperately 
disapprovingly 
as if to say "I don't 
believe you" 
as if to say "I don't 
care" 
eagerly 
emphasisingly 
evasively 
exasperated(ly) 
excitedly (as if to 
say "eureka!") 
exclaiming(ly) 
expectantly 
flexibly 
formally 
imperatively 
impressed(ly) 
informally 
insistently 
ironically 
jokingly 
kindly/concernedly 
laughingly, 
jokingly 
light-heartedly 
maybe(ly) 
negatively 
negatively (very) 
offhandly 
pensively 
perplexedly 
plaintively 
positively 
very positively 
probingly 
profoundly 
promptingly 
reluctantly 
repeatedly 
reverently 
seriously 
sexually 
snappily 
snippy 
softly, lovingly 
as if to say 
"problem 
solved!" 
spontaneously 
surprised 
(negative) 
surprised 
(positive) 
tearfully 
teasingly 
unequivocally 
uninterestedly 
urgently 
whispering 
definitely 
grumpily 
sweetly 
tensely 
authoritatively 
doggedly 
dreamily 
drunkenly 
forcefully 
hurriedly 
quickly 
quietly 
robotically 
sexily 
shouting 
silently 
softly 
timidly 
warmly 
yelling 
as if to say "ah-
ha! discovery!" 
breathily 
briskly 
with a British 
dialect 
business-like(ly) 
coldly 
complainingly 
controlling(ly) 
crying/ tearfully 
as if dead 
dramatically 
drawn out(ly) 
drowsily 
dryly 
dysfluently 
fiercely 
hard(ly) 
hesitantly 
with a Jersey 
accent 
like John Wayne 
listlessly 
like Marilyn 
Monroe 
matter of 
fact(ly) 
moaning 
modal(ly?) 
monotonically 
moodily 
mournfully 
musically 
screaming 
(anger) 
singing 
sleepily 
slurring(ly) 
with a Southern 
drawl 
ugly 
whining 
with extreme 
effort 
yelling (not 
angry) 
bored(ly) 
neutrally 
automatically 
developing(ly) 
Tiggerish(ly) 
 80  22   91  59  5/257 
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synthesising 'coaxing' 
Respondents O 1–10 (Oldham, ACE North, 18 November 2010) and L 1–
39 (Leicester, Communication Matters, 25 September 2011): 
 
choice of leaves    
Vocal Social Conversational Emotional  
loudly 
breathily 
rich voice 
high voice 
brusquely 
politely 
formally 
warmly 
questioning 
emphasising 
reflectively 
confrontationally 
sad 
pleased 
bored 
energetic 
 
 
O 1 O 2 O 3 O 4 O 5 O 6 
warmly 
questioning 
energetic 
 
politely 
warmly 
breathily 
questioning 
 
politely 
warmly 
politely 
warmly 
questioning 
energetic 
rich voice 
warmly 
energetic 
O 7 O 8 O 9 O 10   
breathily 
warmly 
pleased 
warmly 
emphasising 
questioning 
high voice 
warmly 
emphasising 
warmly 
questioning 
  
 
L 1 L 2 L 3 L 4 L 5 L 6 
high voice 
warmly 
questioning 
reflectively 
high voice 
warmly 
questioning 
energetic 
rich voice 
warmly 
questioning 
energetic 
breathily 
warmly 
questioning 
pleased 
breathily 
warmly 
warmly 
emphasising 
pleased 
rich voice 
warmly 
emphasising 
pleased 
L 7 L 8 L 9 L 10 L 11 L 12 
breathily 
breathily 
warmly 
warmly 
questioning 
pleased 
breathily 
warmly 
warmly 
warmly 
emphasising 
emphasising 
loudly 
high voice 
energetic 
energetic 
warmly 
warmly 
warmly 
questioning 
energetic 
breathily 
warmly 
warmly 
reflectively 
breathily 
high voice 
warmly 
warmly 
energetic 
L 13 L 14 L 15 L 16 L 17 L 18 
breathily 
politely 
warmly 
reflectively 
politely 
warmly 
warmly 
questioning 
warmly rich voice 
warmly 
emphasising 
energetic 
warmly 
reflectively 
energetic 
rich voice 
politely 
warmly 
reflectively 
L 19 L 20 L 21 L 22 L 23 L 24 
rich voice 
warmly 
questioning 
emphasising 
pleased 
rich voice 
warmly 
warmly 
reflectively 
politely 
warmly 
reflectively 
energetic 
warmly 
reflectively 
energetic 
 
high voice 
warmly 
questioning 
& childish 
loudly 
politely 
warmly 
energetic 
L 25 L 26 L 27 L 28 L 29 L 30 
warmly 
emphasising 
pleased 
rich voice 
warmly 
breathily 
warmly 
reflectively 
energetic 
warmly 
emphasising 
reflectively 
pleased 
high voice 
warmly 
energetic 
energetic 
warmly 
questioning 
L 31 L 32 L 33 L 34 L 35 L 36 
rich voice 
warmly 
emphasising 
pleased 
warmly 
questioning 
breathily 
politely 
questioning 
pleased 
breathily 
politely 
warmly 
warmly 
pleased 
politely 
politely 
warmly 
questioning 
pleased 
politely 
warmly 
questioning 
L 37 L 38 L 39    
breathily 
breathily 
politely 
politely 
emphasising 
pleased 
rich voice 
emphasising 
pleased 
breathily 
rich voice 
warmly 
questioning 
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synthesising 'sarcastically' 
Respondents O 1–10 (Oldham, ACE North, 18 November 2010) and L 1–
39 (Leicester, Communication Matters, 25 September 2011): 
 
O 1 O 2 O 3 O 4 O 5 O 6 
_ loudly 
confrontationally 
bored 
brusquely 
emphasising 
confrontationally 
rich voice 
brusquely 
questioning 
emphasising 
confrontationally 
bored 
_ 
O 7 O 8 O 9 O 10   
loudly 
brusquely 
bored 
brusquely 
emphasising 
bored 
confrontationally 
bored 
 
brusquely 
emphasising 
confrontationally 
  
 
L 1 L 2 L 3 L 4 L 5 L 6 
formally 
questioning 
emphasising 
loudly 
confrontationally 
bored 
brusquely 
emphasising 
bored 
loudly 
formally 
emphasising 
confrontationally 
rich voice 
brusquely 
confrontationally 
confrontationally 
bored 
loudly 
formally 
reflectively 
bored 
L 7 L 8 L 9 L 10 L 11 L 12 
loudly 
loudly 
brusquely 
confrontationally 
energetic 
rich voice 
brusquely 
questioning 
breathily 
questioning 
confrontationally 
bored 
loudly 
brusquely 
emphasising 
formally 
formally 
confrontationally 
confrontationally 
energetic 
brusquely 
brusquely 
emphasising 
bored 
L 13 L 14 L 15 L 16 L 17 L 18 
loudly 
brusquely 
confrontationally 
high voice 
brusquely 
questioning 
questioning 
confrontationally 
confrontationally 
emphasising 
bored 
loudly 
loudly 
brusquely 
confrontationally 
loudly 
brusquely 
questioning 
loudly 
emphasising 
energetic 
L 19 L 20 L 21 L 22 L 23 L 24 
brusquely 
confrontationally 
bored 
brusquely 
brusquely 
confrontationally 
energetic 
loudly 
formally 
questioning 
questioning 
emphasising 
confrontationally 
warmly 
emphasising 
energetic 
politely 
politely 
confrontationally 
bored 
L 25 L 26 L 27 L 28 L 29 L 30 
brusquely 
bored 
brusquely 
confrontationally 
energetic 
high voice 
brusquely 
emphasising 
bored 
high voice 
formally 
emphasising 
bored 
loudly 
formally 
confrontationally 
politely 
confrontationally 
L 31 L 32 L 33 L 34 L 35 L 36 
loudly 
brusquely 
confrontationally 
bored 
brusquely 
confrontationally 
rich voice 
brusquely 
emphasising 
loudly 
breathily 
confrontationally 
bored 
rich voice 
confrontationally 
confrontationally 
confrontationally 
energetic 
high voice 
confrontationally 
L 37 L 38 L 39    
rich voice 
brusquely 
reflectively 
bored 
formally 
questioning 
brusquely 
confrontationally 
bored 
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synthesising other tones 
Respondents O 1–10 (Oldham, ACE North, 18 November 2010) and L 1–
39 (Leicester, Communication Matters, 25 September 2011): 
 
Frightened Romantically Flirty Coldness Flirting  
O 2 O 4 O 5 O 9 O 10  
high voice 
brusquely 
questioning 
breathily 
warmly 
breathily 
warmly 
pleased 
energetic 
 
brusquely 
bored 
rich voice 
breathily 
pleased 
 
 
 
Martyr Indifferent Cheekily Anxious Grumpily Friendly 
L 1 L 2 L 3 L 6 L 8 L 11 
breathily 
emphasising 
sad 
breathily 
reflectively 
bored 
loudly 
warmly 
pleased 
energetic 
high voice 
formally 
questioning 
reflectively 
confrontationally* 
sad 
* [option] 
brusquely 
confrontationally 
bored 
rich voice 
warmly 
warmly 
warmly 
pleased 
Apologetically Lovingly Seriously Interested Enthusiastically Tiredly 
L 12 L 14 L 15 L 16 L 19 L 21 
breathily 
politely 
warmly 
warmly 
warmly 
reflectively 
reflectively 
sad 
sad 
breathily* 
rich voice* 
warmly 
emphasising 
energetic 
* rich/breath 
loudly 
formally 
emphasising 
warmly 
reflectively 
energetic 
energetic 
loudly 
high voice 
warmly 
emphasising 
pleased 
energetic 
breathily 
Officiously Diplomatically Cross Cleverly Disbelievingly Angry 
L 24 L 26 L 27 L 28 L 29 L 30 
politely 
politely 
politely 
formally 
formally 
questioning 
bored 
breathily 
politely 
reflectively 
loudly 
brusquely 
emphasising 
energetic 
loudly 
politely 
questioning 
energetic 
loudly 
loudly 
breathily 
questioning 
energetic 
energetic 
loudly 
loudly 
emphasising 
confrontationally 
Lovingly Irritated ? Excellent   
L 31 L 35 L 37 L 38   
breathily 
warmly 
reflectively 
pleased 
loudly 
loudly 
loudly 
formally 
bored 
bored 
breathily 
breathily 
warmly 
warmly 
reflectively 
pleased 
pleased 
loudly 
emphasising 
energetic 
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D 
principles and guidelines 
Some existing design principles and/or guidelines as precedents. 
 
Global Agenda Council on Design 
Design principles identified by the Global Agenda Council on Design 
(which included Paola Antonelli, Tim Brown, Hilary Cottam, John Maeda, 
Bruce Nussbaum, Alice Rawsthorn) at the World Economic Forum in Dubai 
(Brown 2011): 
Transparent: Complex problems require simple, clear and honest solutions. 
Inspiring: Successful solutions will move people by satisfying their needs giving 
meaning to their lives, and raising their hopes and expectations. 
Transformational: Exceptional problems demand exceptional solutions that may be 
radical and even disruptive. 
Participatory: Effective solutions will be collaborative, inclusive and developed with 
the people who will use them. 
Contextual: No solution should be developed or delivered in isolation but should in-
stead recognize the social, physical and information systems it is part of. 
Sustainable: Every solution needs to be robust, responsible and designed with regard 
to its long-term impact on the environment and society. 
 
Seven principles for transforming difficult tasks into simple ones  
Don Norman's Seven principles for transforming difficult tasks into simple 
ones (Norman 1988): 
Use both knowledge in the world and knowledge in the head 
Simplify the structure of tasks 
Make things visible: bridge the gulfs of Execution and Evaluation 
Get the mappings right 
Exploit the power of constraints, both natural and artificial 
Design for error 
When all else fails, standardize 
 
Principles for User Interface (UI) design 
Ben Shneiderman's Principles for User Interface (UI) design (Shneiderman 
1997): 
Recognize user diversity 
Follow the 8 Golden Rules 
Prevent errors 
Within the second principle, the 8 Golden Rules are: 
Strive for consistency 
Enable frequent users to use shortcuts 
Offer informative feedback 
Design dialogs to yield closure 
Offer error prevention and simple error handling 
Permit easy reversal of actions 
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Support internal locus of control 
Reduce short-term memory load 
 
Usability Heuristics 
Jakob Nielsen's Usability Heuristics: 
Visibility of system status 
Match between system and the real world 
User control and freedom 
Consistency and standards 
Error prevention 
Recognition rather than recall 
Flexibility and efficiency of use 
Aesthetic and minimalist design 
Help users recognize, diagnose, and recover from errors 
Help and documentation 
 
Ten Commandments of User Interface Design 
Nathaniel Borenstein's Ten Commandments of User Interface Design. 
(Borenstein, Nathaniel. 1991. Programming as if people mattered: friendly programs, 
software engineering, and other notable delusions. Princeton: Princeton University 
Press) 
 
Universal Design (UD) Principles 
The Center for Universal Design (CUD) at North Carolina State University's 
Universal Design (UD) Principles (Connell et al. 1997): 
Equitable use. The design is useful and marketable to people with diverse abilities.  
Flexibility in use. The design accommodates a wide range of individual preferences 
and abilities. 
Simple and intuitive use. Use of the design is easy to understand, regardless of the 
user's experience, knowledge, language skills, or current concentration level.  
Perceptible information. The design communicates necessary information effectively 
to the user, regardless of ambient conditions or the user's sensory abilities. 
Tolerance for error. The design minimizes hazards and the adverse consequences of 
accidental or unintended actions. 
Low physical effort. The design can be used efficiently, comfortably, and with a 
minimum of fatigue. 
Size and space for approach and use. Appropriate size and space is provided for ap-
proach, reach, manipulation, and use regardless of the user's body size, posture, 
or mobility. 
 
Central design principles to describe trialogical learning 
Liisa Ilomäki and Sami Paavola's Central design principles to describe trialogical learning 
(Ilomäki and Paavola 2008): 
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Organizing activities around shared objects: a central idea of trialogical learning is 
that work and learning are organized around developing shared knowledge ob-
jects 
Supporting interaction between personal and social levels: people integrate their own 
personal work and group work for developing shared objects, combining partici-
pants’ expertise and contribution into the shared achievement 
Eliciting individual and collective agency: the responsibility for creating shared new 
knowledge objects is shifted from educators to learners 
Fostering long-term processes of knowledge advancement: trialogical learning re-
quires sustained, focused work on topics of interest 
Emphasizing development through transformation and reflection between various 
forms of knowledge and practices: declarative, procedural as well as tacit know-
ledge and practices are externalized, reflected, conceptualized and transformed 
during the process 
Cross fertilization of various knowledge practices across communities and institu-
tions: knowledge work in KP-Lab engages people in solving complex, authentic 
problems and producing objects also for purposes outside the educational institu-
tion 
Providing flexible tool mediation: knowledge creation should be supported by dedi-
cated tools for mediating collaborative activities and enhancing aspects high-
lighted in the other design principles 
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E 
original contributions to knowledge 
From a compilation of definitions of 'originality' in a thesis by Estelle Phil-
lips, rewritten by Carole Gray and Julian Malins in Visualizing research: a guide to 
the research process in art and design:  
1.  Saying something nobody has said before. 
2. Carrying out empirical work that has not been done before. 
3. Making a synthesis of things that have not been put together before. 
4. Making a new interpretation of someone else's material or ideas. 
5.  Trying out something in this country that has previously been done only else-
where. 
6. Taking a new technique and applying it to a new area. 
7. Being cross-disciplinary and using different methodologies. 
8. Looking at topics that people in my discipline have not looked at before. 
9. Adding to knowledge in a way that has not been done before. 
10.Testing existing knowledge in an original way. 
11.Writing down a new piece of information for the first time. 
12.Giving a good exposition of another's idea. 
13.Continuing a previously original piece of work. 
14.Carrying out original work designed by the supervisor. 
15.Providing a single original technique, observation or result in an otherwise un-
original but competent piece of research. 
16.Having followed instructions and understood original concepts. 
17.Having many original ideas, methods and interpretations all performed by others 
under the direction of the postgraduate. 
18.Bringing new evidence to bear on an old issue." (Gray and Malins 2004, Appen-
dix 3) 
It is difficult to neither underestimate nor overestimate what it takes to 
meet the criterion of having made 'an original contribution to knowledge'. 
In their text How to get a PhD, Estelle Phillips and Derek Pugh issue a warning 
of 'How not to get a PhD' with the advice: "You can leave the paradigm 
shifts for after your PhD, and empirically that is indeed what happens" 
(Phillips and Pugh 2000, 41) 
If there is originality in this research, it is most likely in terms of "Look-
ing at topics that people in my discipline [interaction design] have not 
looked at before" and thereby "Adding to knowledge in a way that has not 
been done before [within AAC]" which are items 8 and 9 on the list. In-
herently they involve 6 and 7 to a lesser extent too: "Taking a new tech-
nique and applying it to a new area" and "Being cross-disciplinary and 
using different methodologies." 
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reprints 
 
 
'Curating and creating design collections'  
Pullin, Graham. 2010b. Curating and creating design collections, from 
Social Mobiles to the Museum of Lost Interactions and Six Speaking Chairs. 
Design and Culture 2 (1): 309–328 
 
'Six speaking chairs (not directly) for people who cannot speak' 
Pullin, Graham, and Andrew Cook. 2010b. Six Speaking Chairs (not di-
rectly) for people who cannot speak. Interactions 17 (5): 38–42. New York: 
ACM. 
 
'Expression meets information'  
chapter in Pullin, Graham. 2009a. Design meets disability. Cambridge, MA: The 
MIT Press. 
 
'Exploring meets solving' 
chapter in Pullin, Graham. 2009a. Design meets disability. Cambridge, MA: The 
MIT Press. 
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ABSTRACT The word collection alludes 
to seasonal haute couture collections and 
also to museum collections, respectively 
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introduced with which the author was involved, in 
the context of collections by Hussein Chalayan, 
Dunne & Raby, the Royal National Institute for Deaf 
People, and the Museum of Jurassic Technology. 
The differing purposes of these design collections 
are identified, as are the various roles played by 
the author – and the balance between creation and 
curation. Collections can illuminate themes and 
imply a landscape of alternatives that transcend 
any individual piece. Design collections can 
thereby play a valuable role across design practice, 
education, and research.
KEYWORDS: design research, critical design, haute couture, 
museum curatorship, interaction design, design for disability, design 
education
(Re-)introducing Critical Design
… design that asks carefully crafted questions and makes us 
think, is just as difficult and just as important as design that 
solves problems or finds answers.
Dunne & Raby (2001: 58)
Tony Dunne and Fiona Raby introduced the term critical design, 
arguing a role for design beyond the marketplace. They advocate the 
creation of objects, and their presentation through film or exhibition, 
as a commentary or critique on technology’s role in society – and 
within consumer culture in particular. This is not a paper about critical 
design (although I will return to it later), but the way that Dunne and 
Raby use design to ask questions is significant.
I have been inspired not only by Dunne and Raby’s approach, 
but by one of their projects in particular. Although it followed the 
iconic Faraday Chair (1997), their Placebo project (2001) was 
influential in the way that it employed a number of different objects. 
Eight prototype objects were made and adopted by volunteers in 
order to elicit conversations about their attitudes to the invisible 
electromagnetic fields that surround us.
Jean Baudrillard identifies The Unique Object in any collection 
that is the “emblem of the series” and somehow sums up all the 
others (Baudrillard [1968] 1996: 98). In the Placebo project, the 
Unique Object would be the Electro-draft Excluder, a portable screen 
reminiscent of a fireguard but with a bright pink surface of geometric 
projections made of sound-absorbing material. It appeared on the 
cover of Design Noir, the book that introduced critical design to 
the public (Dunne & Raby 2001). The Electro-draft Excluder was an 
appropriate choice, not only for its striking and memorable form, but 
because it is a placebo – it doesn’t actually protect from radiation.
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Had it been the only object, however, the project might have 
focused on protection from unwanted radiation. Certainly Lauren 
and Jan, the volunteers who adopted the Electro-draft Excluder, 
assigned it this function. But it was part of a larger group of objects 
authored by Dunne and Raby and the others triggered reflection on 
what it means to be lost in an era of satellite positioning, on privacy 
amidst ubiquitous telecommunications, and on the life of electronic 
objects. Through their engaging individual details – from the vibrating 
back of the Nipple Chair to the array of 25 magnetic compasses 
in the Compass Table – the eight objects that constituted Placebo 
together opened up a wider discussion. Subsequent Dunne and 
Raby collections include Designs for Fragile Personalities in Anxious 
Times (2004/5) and Do you want to replace the existing normal? 
(2007/8). This multi-faceted approach is crucial to Dunne and Raby’s 
intent to elicit diverse stories and divergent thoughts.
Relating to Fashion Collections
Dunne and Raby themselves make a connection in Design Noir 
between critical design and haute couture, and it is from couture 
that I reach for the term “collection” (although I will add other 
connotations of collections later). In many design processes, a 
number of alternative design concepts may evolve from slightly 
different priorities. Then, in product design for example, a single 
preferred design is chosen; having served their purpose, the others 
are abandoned. In a fashion collection, however, many outfits can 
communicate a coherent vision collectively. The collection has a 
presence that transcends any individual piece (Rawsthorn 1996).
For me, the epitome of a couture collection is Hussein Chalayan’s 
Spring/Summer 2007 One Hundred and Eleven collection. Once 
again, the collection has an obvious icon. The very final piece, 
the finale, is a (well-cut) dress that uses robotic technology to 
spontaneously fold up and ultimately withdraw into a hat, leaving its 
model otherwise naked. But this technology has already been subtly 
and progressively introduced throughout the collection, and always 
to explore aesthetic, not just sensationalist, effects. In this way the 
collection as a whole implies a landscape of other possibilities. As 
always with Chalayan, these possibilities are as much metaphorical 
as literal, as likely to inspire nanotechnology or architecture as future 
clothing (Antonelli 2008: 25).
My scholarship and research have been informed and influenced 
by a journey from industry into academia. Writing this paper has 
been a little journey in itself: the notion of design collections began 
as just one of several threads running through my projects, but, 
articulated, now seems fundamental. Here, I will use the term to 
mean a number of designs, intended to be considered together, 
and judged collectively. I hope that others might relate it to their own 
work, and that it might provoke further reflection, in turn eliciting 
more design projects that ask questions.
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Social Mobiles – Creating, Then Editing
My first taste of creating a design collection was at the design 
consultancy IDEO. They have a tradition of reflective internal projects 
in the spaces between client work (projects that can allow designers 
to pursue non-commercial or not-yet-commercial questions), 
although these projects also play a PR role in promoting IDEO as a 
source of innovative and thoughtful studio practice.
In Chocolates (1995), ten industrial designers each created a 
radical approach toward chocolate production and consumption. 
Intended to extend beyond the look, taste, and feel of chocolate, 
these IDEO designers imagined a whole experience that 
encompassed “ritual, delight, inquiry and surprise” (IDEO 2001). 
These included a chocolate with a removable top (so that someone 
could check its center before choosing it) and a wand-like chocolate 
for after dinner (used to stir a cup of coffee, the chocolate melts, also 
releasing a liqueur from its center). The simplicity of the project lent it 
a coherence that in turn brought its diversity into relief.
In 2000, the growing interaction design group at IDEO London 
was inspired by the Chocolates project to create our own collection. 
We took the mobile phone as a subject because so much of our 
work at the time involved mobile devices, applications, or services. 
One of our aims was to communicate a role for interaction design 
beyond graphical user interfaces – we were interested in physical 
interactions too. To date, IDEO’s interaction designers were confined 
to screen graphics (even on Siemens’ boldly experimental Xelibri1 
phones).
Collaborating with the artist and designer Crispin Jones, we 
started generating ideas for more physical interactions. From 
handsets that you could knock on and suggest the urgency of your 
call, to physical representations of unmemorable 11-digit phone 
numbers, we conceived a diversity of new interactions with mobile 
phones. Each idea was interesting, but as a collection it felt rather 
diffuse. Each concept introduced a different set of issues (privacy, 
ease of use, work/life balance, technical obsolescence …) that made 
them complicated to communicate – certainly not as accessible as 
the chocolates that inspired them. There was a real danger that the 
whole might not, after all, exceed the sum of the parts.
While Jones and I were wrestling with the breadth of these 
ideas, we noticed that etiquette ran through many, but not all, of 
the concepts. We edited the eight down to five and named the 
resulting collection Social Mobiles (Figure 1). In the leaflet and on the 
website designed to seed publicity we declared “We are interested 
in the frustration and anger caused by other people’s mobile 
phones.” I think editing the project was key to its subsequent media 
coverage: the common theme as much as the objects themselves 
was compelling to journalists. We introduced the project at a time 
when the newly ubiquitous mobile phone was becoming as much a 
public as a private experience (Standage 2003). In this sense, Social 
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Mobiles opened up the perspective of so-called user-centered 
design, focusing on the people around the user, for a change, rather 
than the user him- or herself.
In very different ways, our designs could be imagined to support 
good behavior. SoMo1, the Electric Shock Mobile, for instance, 
has stainless steel plates that deliver a progressive voltage as the 
conversation gets louder, scaring both parties into whispering and 
benefiting anyone around them. SoMo2, the Speaking Mobile, on 
the other hand, allows someone in a quiet public place to have 
an ordinary telephone conversation without making any noise. 
Participants use their hands, instead of their mouths, to generate 
speech sounds. The first came from Jones’s obsession with Victorian 
electro-therapies, the second from my own fascination with early 
mechanical speaking machines (Syson 2008, Kempelen 1791).
Because all five designs were now presented as different responses 
to the same question, each was less likely to be taken literally, as a 
“solution.” We managed to achieve the coherence of an individually 
authored collection, with the added diversity of the designers 
involved, including Jones, Pullin, Mat Hunter, Alexander Grünsteidl, 
Sarah Morris, and others contributing their own preoccupations. The 
group formed a common design language when industrial designer 
Linda Deakin and modelmaker Anton Schubert united the collection 
visually, by anachronistically using wood and uncolored plastic to 
construct the actual phones. Maura Shea’s journalistic photography 
around London, among commuting city workers (and nuns) on 
London Bridge gave the project a social context (Figure 2). In British 
culture, casual passers-by can feel inhibited about confronting 
antisocial behavior. This contextualization  invited a broader dialog 
about how the same issues play out in different cultures. The project, 
for instance, also resonated particularly in Japan, where technology 
and etiquette are both such influential forces.
Of the designers involved, Crispin Jones and I each returned 
to the notion of collections in our subsequent work. Crispin Jones 
launched Mr Jones Watches, a project that began as a critical 
design collection intentionally subverting Seiko’s slogan “it’s your 
watch that says most about who you are” (Jones 2004: 1). Perhaps 
Figure 1 
Social Mobiles, SoMo1 to 5: the Electric Shock Mobile, the Speaking Mobile, 
the Musical Mobile, the Knocking Mobile, and the Catapult Mobile. 
Photography by Maura Shea, courtesy of IDEO.
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even more subversively, Jones introduced his designs as a series of 
limited edition watches for sale. Like the Hussein Chalayan fashion 
collection, Jones’s also includes a unique object. The Humility 
Watch, which revives the tradition of the memento mori, reminds 
people that they should be prepared for death at any time. It flashes 
the message “Remember you will die” whenever you read the time, 
fostering humility rather than pride in its wearer. As an individual 
watch, this may be seen as a macabre curiosity. However, as part of 
a diverse collection, it may be better understood as a reflection on 
the nature of time and the role of the timepiece.
Relating to Museum Collections
The editing down of the Social Mobiles collection was unplanned, 
representing a separate stage that followed the creation of the original 
concepts and that drew out a new perspective. On reflection, this 
alludes strongly to another type of collection: museum collections, 
assembled from existing but related artifacts brought together rather 
than created as a whole.
The notion of a collection as something more thoughtful than 
the result of acquisitive collecting goes back at least as far as the 
sixteenth century. As the museum studies academic Susan Pearce 
notes, “the crucial idea is that of selection” (Pearce 1992: 5). It is this 
act of selection that turns an object, which could be any object, into 
a museum piece. A curator’s selection is more interesting if not made 
strictly on the basis of quality, but as an act of critical editing, in order 
to illuminate a fresh perspective.
Curatorship also encompasses how artifacts are exhibited, and 
in what order or arrangement. Schulz describes systematically 
arranging collected objects with a larger “aim of transmitting 
information” (Schulz 1994: 175). In the Social Mobiles project, 
Figure 2 
SoMo3 – the Musical Mobile annoying commuters on London Bridge. 
Photograph by Maura Shea, courtesy of IDEO.
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considerable thought went into the order and presentation of the 
designs. In numbering the collection and when exhibiting it within 
IDEO or at MoMA or the V&A, we started with the attention-grabbing 
Electric Shock Mobile and subtly moved to subsequent members 
of the collection that were less satirical and more ambiguous and 
thought-provoking.
HearWear – Contributing to a Curated Collection
As a design practitioner at IDEO, I also contributed to other people’s 
curated design collections. HearWear was a project instigated by 
the Royal National Institute for Deaf People (RNID) and Blueprint 
architecture and design magazine. Curated by Neil Thomas and 
Henrietta Thompson (Thompson 2005), fifteen design groups, 
including Industrial Facility, Hulger, and Ross Lovegrove, were 
asked to envision new futures for hearing and hearing technology. 
Their responses were exhibited at the Victoria & Albert Museum. 
HearWear alluded to a traditional museum collection partly because 
the individual exhibits were designed independently, by different 
design offices. This was reinforced by the way the exhibition itself 
was structured: because each designer made different assumptions 
about the potential of hearing technology, the curators responded 
intelligently by organizing the exhibition into three timescales, from 
2007 (potentially in production within two years of the exhibition) to 
2012 and 2020 (which was then fifteen years in the future).
While the exhibition included exquisite earpieces and technological 
jewelry, our own contribution, Table Talk, also involved furniture. We 
were inspired by a conversation with a hard of hearing person who 
found group conversations in a noisy bar especially difficult. Hearing 
aids may do little to discriminate speech from background noise 
and although he is a skilled lip-reader, as the conversation moves 
from person to person, he can miss the first few words and always 
be ‘playing catch-up,” trying to infer each person’s first few words 
from what they say next. We designed a table with microphones and 
induction loops in its surface – the same equipment that has been 
employed in bank tellers’ windows and theaters for decades. Rather 
than hiding this technology, however, we made it an overt part of the 
table’s form and decoration, by inlaying decorative copper loops into 
the wooden tabletop.
We were intrigued by the thought that this might turn inclusive 
design on its head, by creating an environment in which disabled 
people might be at an advantage over nondisabled. Hearing aid 
wearers are not the only people who can have difficulty following a 
conversation in a noisy public place, even if this very atmosphere 
is attractive in the first place. Realizing that other people suffer the 
same effect, we conceived of low-cost earbuds, sold in blister-packs 
at the bar, to let everyone else catch up.
Inevitably, the final exhibition at the Victoria & Albert was more 
diffuse than an authored collection. The participants were not in 
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direct contact, instead contributing “blind” to the larger project. In 
many ways it felt as much a competition as a collection, with the hope 
that your own contribution would define one of the field’s boundaries 
rather than fit into the predictable middle. But although it could 
have been more coherent, the HearWear exhibition successfully 
communicated that the applications of hearing technology could be 
so much more diverse than they are.
Design Meets Disability – Curating Imagined Creation?
The HearWear project presented me with several important 
revelations. Through it I learned of the culture of being “Deaf with a 
capital D”: for people who define themselves as such, their deafness 
is a positive part of their identity, not an impairment to be “cured” or 
even compensated for. This is in contrast to those who are referred 
to as “deaf with a little d.” Profound distinctions such as this can 
even challenge the assumption that “universal design” is universally a 
good thing. Beyond hearing technology, further assumptions about 
what disability means to disabled people and the nature of design in 
this context remain unchallenged and unexplored. Design collections 
could play a catalytic role.
The welcome involvement of disabled people at the heart of 
the design process means that disability-related design is usually 
inclusive by nature. But the design process itself is often restricted 
to interdisciplinary collaboration within a clinical and technical team. 
Moreover, their efforts are usually narrowly characterized as problem 
diagnosis followed by problem solving. The irony is that designers 
from an art school background are conspicuously absent in this 
process – not only product designers, but also furniture designers, 
interaction designers, graphic designers, and fashion designers. The 
field is not only missing their complementary skills but, perhaps more 
importantly, their sensibilities.
One illustration of this absence is the difference between chair and 
wheelchair design. Somehow these objects have come to epitomize 
each field. Chairs are a perennial design standard, while wheelchairs 
provide the icon for disability/accessibility. Clearly, wheelchair design 
involves a host of additional technical and ergonomic challenges, 
including maneuverability, portability, support, and the prevention 
of pressure sores. But, as wheelchair design advances, it tends to 
converge through the pursuit of optimal solutions. Conversely, chairs 
continue to proliferate and diversify. They are reinterpreted as well as 
reinvented, an exploration that is as much cultural as it is technical.
This culture of furniture design might be epitomized by Martino 
Gamper’s extreme and iconic design collection 100 Chairs in 100 
Days. He created new chairs by cutting up and recombining a 
stock of discarded or donated chairs. Individually, designs such 
as Lap-dog, in which a molded plywood seat is mounted on a 
traditional wooden chair so that one appears to “sit” on the “lap” of 
the other, are memorable. But it is as a collection, diverse and yet 
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unexpectedly linked, that the individual designs communicate the 
most. Together, they echo Gamper’s axiom “there is no perfect chair” 
(Gamper Martino n.d.).
Contemporary wheelchairs seem more closely related to bicycles 
than to chairs, sharing components, materials, and technologies. 
But wheelchairs are not only means of transportation, in the way 
that bicycles are. I would like to see wheelchair design reconnect 
to the cultural roots that it used to share with furniture design. A 
century ago the two did share designers, craftspeople, materials, 
and design languages. It would be fascinating to curate a museum 
collection exploring and illustrating the changing relationship 
between wheelchairs and chairs and anticipating – perhaps even 
influencing – a stronger relationship again in the future.
In writing the book, Design Meets Disability,2 I sought to continue 
to challenge stereotypes of what disability-related design should 
or could be (Pullin 2009). My aspiration is for a wide range of 
designers to be invited to design for disability. I am not just arguing 
for a wheelchair manufacturer to collaborate with a subtle furniture 
designer like Jasper Morrison, although this in itself would be a 
huge step. It would also be fascinating to see the results of more 
experimental collaborations with Michael Marriott or Jurgen Bey. 
Likewise, it is not just that Apple’s Jonathan Ive could design a 
quietly revolutionary hearing aid, but that the same brief would be 
taken in a quite different direction by a fashion designer like Paul 
Smith or in the hands of Cutler and Gross, eyewear manufacturers 
and self-styled enfants terribles of optometry. Only this degree of 
diversity could ever reflect the diversity of attitudes among disabled 
people themselves.
The Museum of Lost Interactions – Teaching as 
Curation
Since leaving IDEO, I have been researching and teaching interaction 
design. I am currently the course director of Digital Interaction 
Design, an interdisciplinary program (formerly known as Interactive 
Media Design) between the School of Computing and Duncan of 
Jordanstone College of Art & Design at the University of Dundee. 
In this role I’ve learned that teaching can also be a form of curation. 
Setting a carefully constrained brief to a whole class, mentoring 
individual students, and at times gently guiding them, could be 
thought of as nurturing a collection.
This notion of a collection is more explicit if the students’ work 
is exhibited as a whole, which led me to found the Museum of Lost 
Interactions (MoLI). At its heart, the serious intent of the project was 
to connect interaction design students to a history that goes back 
further than the advent of the Graphical User Interface. It encourages 
them to see the past as a source of inspiration and rediscover ideas 
that are still radical (or have become radical once more). More than an 
exercise in mere nostalgia, MoLI forces students to reflect critically on 
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why some technologies have died while others have not. It also helps 
students develop a healthy scepticism of the history of technological 
“progress.” Above all, MoLI encourages students to appreciate 
qualities that were inherent in earlier technologies but that have now 
been lost – and to consider reintroducing these qualities into digital 
media (Kempelen 1791). These ideas draw on Bruce Sterling’s Dead 
Media Project, which “confronted burgeoning fantasies about the 
immortality of machines with the simple facticity of a continuously 
growing list of things that have become defunct” (Zielinski 2006: 2). It 
warns us not to be complacent about the environmental “lightness” 
of digital technology or to forget technology’s supporting role in 
interpersonal interactions (Thackara 2006).
MoLI is also inspired by the ambiguity of the Museum of 
Jurassic Technology in Los Angeles. Visitors here are confronted 
by unbelievable exhibits such as the “massive, and massively 
incongruous” lead walls apparently employed by eminent 
chiroptologist Donald R. Griffith to ensnare the elusive bat Myotis 
lucifugus, which, the museum explains, is thought to use X-rays to 
pass through solid objects (Weschler 1995: 8). David Wilson, the 
museum’s founder, suggests that “confusion can be a very creative 
state of mind; in fact, confusion can act as a vehicle to open people’s 
minds.” The ambiguity is both enjoyable and thought-provoking.
So, the brief I set each student is to research an obsolete 
technology and uncover why it died out – whether for social, 
economic, or genuinely “technical” reasons. They are then asked 
to invent a fictitious historical product based on this lost technology. 
Their challenge is to realize this in detail, building a working model 
Figure 3 
John Henry Jiffington’s Scientific Chronographer (1871) from the Curious 
Timepieces exhibition at the Museum of Lost Interactions. Courtesy of 
Michail Vanis & Rory Colsell.
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while using concealed digital means (sensors, actuators, Arduino 
boards, and various software supported by our studio manager, 
Ali Napier) to evoke older technologies. As a practitioner, I know 
how transferable these skills are, and how important it is to give 
coherence and integrity – and credibility – to a good idea.
Each year we open a gallery in Dundee for a week before 
Christmas, inviting the public and watching to see if the students 
can carry off the hoax. The first MoLI gallery contained such lost 
wonders as the Case Communicator from 1936; whatever the 
official histories claim, the Case Communicator was presented as the 
world’s first laptop (Moggridge 2006). Alison Thompson and Shaun 
McWhinnie, its interaction archaeologists, showed that technology 
can be a double-edged sword: the Case Communicator may have 
provided male executives with a 24/7 link to their secretary, but 
this was inextricably linked to gender roles and exploitation in the 
1930s office. PESTER, a cumbersome 1970 precursor of the smart 
phone, was weighed down with a compact cassette music player, 
headphones, Kodak Instamatic camera, and packs of playing cards. 
Students Euan McGhee and John Drummond shed new light on 
the development of the cellphone and probed the origins of feature-
creep in electronic platforms.
The second MoLI gallery introduced the concept of interactive 
furniture, in order to change scale and explore exhibits as immersive 
experiences. The Forgotten Chairs brief was inspired in part by 
Herman, a one-week pressure project of the Digital Media class at 
the Berlin University of the Arts in which students were asked to make 
interactive versions of an IKEA chair (Debatty 2005). At MoLI, Dundee 
students Jamie Shek, Ryan McLeod, and Iain Shiels “restored” 
The Gentleman’s Chair from 1898. Not nearly as respectable as its 
name or its appearance suggest, this allowed Victorian gentlemen 
to surreptitiously view early risqué motion pictures, confirming 
pornography’s long-standing role as driver of technical adoption. 
In contrast, the 1942 Chiltern Communicator Chair, developed by 
Kate Saunderson and Timothy Roome, facilitated communications 
between war-torn families while also serving as a model of wartime 
government austerity measures. By the third MoLI exhibition, the 
focus turned to a lost history of wearable technology. With the 
continuing hype around wearables (best characterized by a surfeit 
of palmtop computers ineptly sewn into jackets) it was reassuring to 
find historic examples as much dependent on the skills of the milliner 
as the engineer. The 2008 Hats from the Attic exhibition included 
the 1903 Velocity Officer’s Helmet by Calum Pringle and Pablo de la 
Peña. This hat allows traffic police to monitor any vehicle that moves 
over 20 m.p.h.
The degree to which we curated these collections has actually 
increased. In 2009, Ewan Steel and I applied a new constraint. In order 
to give students the opportunity to work at a scale and with materials 
of their choosing, we dictated the purpose, but not the form, of each 
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piece. We selected a theme at the heart of all interaction design: 
time. The Curious Timepieces gallery exhibition includes John Henry 
Jiffington’s 1871 Scientific Chronographer presented by Michail 
Vanis and Rory Colsell (Figure 3). This allowed Victorian scientists 
to plot experimental procedures and also introduced the idiom “in a 
jiffy.” The 1954 GoodGirl Time Clock by Ruth Tullis and Sam Grosset 
apparently dictated domestic tasks to housewives, who were further 
required to punch in a card when they had completed each job, in 
order to be judged a good or a bad housewife (Figure 4).
For the students, designing a part of a class collection is an 
opportunity to understand the breadth of possible responses to a 
brief. This means that they can focus in depth on a speculative line 
of research and creation, giving them time to get into the details of 
a project. And it is then, when critical thinking and design craft are 
combined, that the role of the designer can be most valuable. As 
when, on a quite different project called Objects for Grandpeople, 
our students collaborated with Jon Rogers’ Product Design students 
and Richard Banks and Tim Regan of Microsoft Research’s Socio-
Digital Systems to design and build radical but simple internet-
enabled products for their grandparents.
I am bemused by a divisive distinction still heard in educational 
debate that discriminates between so-called “strategic thinking” and 
so-called “technical skills,” and therefore between ideas and (the 
implication is “mere”) execution. The interdisciplinary work of Charles 
and Ray Eames reminds me of how inseparable these are – of how 
much thinking there is in making, and vice versa (Neuhart et al. 
1998). In promoting a broader application of design, IDEO’s Tim 
Figure 4 
The GoodGirl Timeclock, responsible for preserving 1950s gender roles, also 
from the Curious Timepieces exhibition at MoLI. Courtesy of 
Ruth Tullis & Sam Grosset.
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Brown nonetheless defines design thinking as using “the designer’s 
sensibility and methods” (Brown and Katz 2009). But this sensibility 
is acquired in the doing.
For the students, MoLI has brought some well-deserved publicity 
– especially in the first year, when journalists were less suspicious. 
Bruce Sterling, who sees a parallel between our work and his 
steampunk science fiction (and who has also written about design 
fiction – but that would introduce a completely different perspective 
on these projects), has dubbed MoLI a “dead-media hoax.” Sterling 
remarks that the “‘museum exhibit’ by these Scots design students is 
just the awesomest … I only worry for future dead-media researches 
who find this on some dusty Wayback archive and swallow these 
frauds hook, line and sinker …” (Sterling 2007).
Six Speaking Chairs – Collecting, Curating, 
Then Creating
My current research project with Andrew Cook is called Six Speaking 
Chairs. The project has nothing to do with furniture design: it’s about 
interactions with speech technology. Many people who cannot 
speak use a Text-to-Speech communication device. They are free 
to choose their words, but there is little control over how these 
words are spoken. At present this control is limited to punctuation: 
a full stop, question mark, or exclamation mark. Yet most of us 
use nuanced tone of voice to express subtle meaning and also to 
project our personality. A lack of expressiveness can lead to the false 
impression that someone is either emotionally impaired or socially 
inept (Alm & Newell 1996).
While punctuation is impoverished in this context, it is less obvious 
what could take its place. A lot of research groups are working on 
emotion, imbuing speech with happiness, sadness, anger, and fear 
and interpolating between these. Yet tone of voice is even more 
complex. It not only reflects our internal emotional state (even then 
it is layered, as we mask or feign or pretend-to-not-be-able-to-
quite-contain our emotions …) but also reveals our relationship with 
the person with whom we are speaking. Tone also reflects social 
etiquette and our conversational intent (Campbell 2005: 114). And 
sometimes we speak in a certain way for aesthetic effect. But the 
language to describe and discuss this subtle and complex subject 
tends to be locked into the esoteric nomenclatures of specialist 
academic disciplines encompassing, for instance, phoneticians’ 
intonation diagrams and sociolinguists’ Speech Acts theory. Six 
Speaking Chairs renders these concepts visible, tangible, interactive, 
and thereby accessible (Figure 5).
Each chair affords interaction with the tone of voice used to utter 
a few single words: “yes,” “no,” “really,” and “hello.” These were 
chosen because their meaning depends so much on how they are 
said. “Yes,” for example, can undermine as well as support, if said 
with reluctance, hesitancy, incredulity, or sarcasm. Each chair has a 
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set of controls based on a different mental model. Thus No. 4, The 
Rising/Falling Chair has a small touch screen (taken from a Nintendo 
DS) on which a phonetician’s diagram of pitch can be drawn with 
a pen, translating intonation in real time. Participants are invited to 
practice and see how fluent they can become. No. 6, The Terse/
Roaring Chair has seventeen doorbells, each triggering a tone of 
voice indicated by George Bernard Shaw’s directions for the dialog 
in Pygmalion (Figure 6). These intonations range from “whispering” 
to “whimpering” and “sweetly” to “suspiciously” (Shaw [1913] 2003). 
This time, we invite the user to customize the selection, reflecting 
on which seventeen choices they would prefer instead. Seventeen 
seems an aptly arbitrary number: at once it is significantly higher than 
the number of choices offered by current communication devices, 
yet it is still much less than the variations of tone that most of us 
Figure 6 
Detail from Chair No. 6 – The Terse/Roaring Chair – with sample tones of voice 
taken from George Bernard Shaw’s directions for Pygmalion. 
Courtesy of Pullin & Cook.
Figure 5 
All Six Speaking Chairs. From left to right: No. 6, No. 3, No. 4, No. 5, 
No. 2, & No. 1. Courtesy of Pullin & Cook.
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enjoy using. This relatively limited selection leads to questions about 
individuals’ priorities and personalities.
The choice of chairs as a vehicle for these prototypes is also both 
deliberately arbitrary and at the same time apt. A chair obviously 
breaks away from the paradigm of the communication device as 
a computer or computer peripheral. We are employing wireless 
technology in the background, allowing speech to be flexibly 
prototyped on a PC, but without the experience being associated 
with a computer. This method is part of the approach of “experience 
prototyping” (Buchenau & Fulton Suri 2000). Physical controls taken 
from other products (doorbells, radio dials, drum-pads) further 
distance the project from the traditional desktop metaphor of 
computer interaction.
The role of these visual cues is important in engaging discussion 
about new ideas. The spirit of the piece, part prototype, part art 
installation (an effect enhanced by the use of reclaimed chairs 
from a recycling yard), tacitly communicates that these are not 
clinically ready for use. At this exploratory stage, we are deliberately 
insulating ourselves from detailed issues, including manual dexterity, 
robustness, practicality, and portability (although many people with 
complex communication needs are also wheelchair users). My 
experience at the Bath Institute of Medical Engineering showed 
me how literal non-designers can be when viewing prototypes. 
Presenting the prototypes as a group mitigates this effect: no one 
has yet asked us whether the leather will perish or whether the 
woodworm has been treated.
Having said that, a chair is a good place from which to have 
a conversation. The interface at the side of each chair does not 
distance its user from another person – that is, by literally coming 
between them. We find that chairs may seem a surprising means 
of representing communications issues, but they also present 
an engaging and memorable medium. This in itself is attracting 
discussion across disciplines.
At this stage, the collection of chairs remains an open-ended 
exploration. There is a comparative element: we are interested in 
the relative strengths and weaknesses, opportunities and limitations 
of each design. The question is not which chair, but which insights 
could form the best foundation for a future device. Each chair is more 
an interactive illustration than a conventional concept prototype.
In the context of this paper, I am struck by how much the 
project itself is an act of curatorship. Each design is like a specimen 
gathered on our expeditions through foreign disciplines. The chairs 
could be equated with the display cabinets often found in museums 
of natural history. Indeed, the true exhibits are the mental models 
that each chair represents. Like the secondhand chairs we employ, 
these mental models, too, are “found” – not created by us, but 
repurposed.
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Relating to Critical Design
Like Dunne and Raby’s Placebo project, Six Speaking Chairs 
presents designs that are “purposely diagrammatic and vaguely 
familiar … open-ended enough to prompt stories but not so open 
as to bewilder” (Dunne & Raby 2001: 75). Just as Placebo gave 
visible presence to invisible radiation, so the chairs make tangible the 
esoteric qualities of tone of voice.
Certainly the chairs are provoking new discussions about the 
importance of tone of voice. In one exercise we ask subjects (who 
may be experts in a variety of disciplines, communication aid users 
or just interested laypeople) to list or draw their own choice of tones 
of voice if they were restricted to just seventeen for the rest of their 
lives. Framed in this way, our decision to create an exploratory 
collection, rather than propose an embryonic solution, is best 
justified. The responses to date are not only diverse but prove that 
most people intuitively reach for a heterogeneous mix of definitions. 
Most of us work more like Shaw than an academic phonetician, 
combining descriptions based on sound quality (e.g. “whisper”), 
intent (“pleadingly”), emotion (“bored”), and tone (“deep voice”), or 
combinations of these (“hesitant but excited”).
The challenge ahead is to embrace this complexity, and reconcile 
it with simple, intuitive interaction design. The Six Speaking Chairs 
was always intended as the first step towards more expressive 
communication for people who cannot speak and rely on speech 
technology. Simon Bowen has written of a “critical artefact 
methodology” that uses critical design within a wider design process, 
to inform innovation (Bowen 2007).
But I am never sure whether to use the term critical design to 
define my own work these days. The term is so associated with 
the Design Interactions course at the Royal College of Art and its 
subversive, often dystopian, visions of technological futures. I see 
as many parallels with the work of Bill Gaver’s Interaction Research 
Studio at Goldsmiths – another group whose work is sometimes 
associated with critical design by observers, but not thought of as 
such by its practitioners. We haven’t managed to come up with as 
compelling an alternative definition yet though.
Relating Practice to Research
Having come to research mid-way through a career as a practitioner, 
I feel that I am still catching up with the debate about the possible 
relationships between design practice and (design) research, even as 
I sense a certain weariness with this discourse (Findeli 2008: 69). But 
Six Speaking Chairs is in many ways a scientific experiment. There 
is even a traditional scientific control, to minimize the unintended 
influence of other variables (such as our use of chairs and Tannoy 
speakers), in the form of Chair No.1, the Exclaiming/Questioning 
Chair, which represents plain Text-to-Speech within the medium of 
the Six Speaking Chairs.
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Daniel Fallman’s definition of “design exploration” seems relevant 
in contrast with, but complementary to, both design practice 
and design studies (Fallman 2008: 7). Fallman references Donald 
Schön’s term “problem-setting” rather than problem solving (Schön 
1992). Moreover, he also employs Pelle Ehn’s term “trancendence,” 
which is “exploring possibilities outside of current paradigms – 
whether these are paradigms of style, use, technology or economic 
boundaries” (Ehn 1988). Six Speaking Chairs is a design exploration 
that also seeks to transcend existing paradigms: its paradigms are 
mental models, ways to conceive of our interactions with speech 
technology.
The term design collection obviously already exists, and carries 
associations with either fashion houses or museums. In the context 
of design research, each of these allusions is appropriate. The 
associated acts of creating and curating are both relevant – as is a 
blurring of the two in the role of a designer–researcher.
There are fundamental differences between a design collection 
as I have sought to define it, and any series of alternative design 
concepts. While the latter invites us to choose, a design collection 
provokes us to reflect. This form of critical reflection can play an 
invaluable role in design practice, education, and research. Perhaps 
it even epitomizes design research.
Notes
1. Coincidentally, Siemens’ Xelibri phones were conceived in 
terms of fashion collections, with their own Spring/Summer and 
Autumn/Winter launches. Despite their brand aspirations, the 
phones were not a commercial success and failed to engage a 
fashion market.
2. To contextualize Design Meets Disability amongst related books, it 
is written from the perspective of a designer, not that of a disabled 
person, any of whom are far more qualified to write about the 
experience of disability (Shakespeare 2006). While it includes 
conversations with disabled people, it also includes a similar 
number of discourses with designers. And while other, weightier 
books have highlighted the need for there to be more awareness 
of disability within design (Clarkson et al. 2003), Design Meets 
Disability argues that, at the same time, specialists in design for 
disability could learn more from design in return.
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tone of voice. It is better to view the chairs as 
provocations than as prototypes in the conven-
tional sense, because their most important role is 
to spark discussion rather than to test proposals. 
The chairs are not to be taken literally. It’s not 
about chairs at all—they are really just illustra-
tions of principles, more so even than sketches of 
user interfaces. Each illustrates what might oth-
erwise be a rather esoteric mental model, making 
it accessible to experts and non-experts alike and 
engaging both in conversation and reflection [1].
There are some commonly held assumptions 
about the future of speech technology, and our 
interactions with it, that we wish to challenge. 
Our goal with “Six Speaking Chairs” is to explore 
alternative perspectives rather than to converge 
on solutions at this first stage. We would there-
fore describe this activity as design research, 
even though it involves our practice as interac-
tion designers.
We have built a collection of objects, each of 
which embodies a different way of thinking about 
[1] Pullin, G. and Cook, 
A. “Six Speaking 
Chairs.” August 2008. 
http://www.imd.dundee.
ac.uk/sixspeaking-
chairs/
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wooden kitchen chair; a plain charcoal-gray box 
that extends to one side has been fitted beneath the 
seat. Set into the top surface of this box are three 
keys from a computer keyboard, marked with a 
period (full stop), an exclamation point, and a ques-
tion mark. An old-fashioned metal horn loudspeak-
er projects from the front edge of the box. While 
sitting in the chair, if you press the period key, the 
loudspeaker emits the word “yes” in a level tone. 
Press the “?” key and “yes” is delivered with a rising, 
questioning intonation. Pressing the exclamation-
point key elicits a louder, more emphatic delivery.
... and the limitations of Text-to-Speech
These three ways to say “yes” represent the 
common flexibility of everyday Text-to-Speech 
(TTS) technology. Yet in our own speech, we 
employ much greater and more subtle variation 
in our tone of voice. In any sentence—but in 
particular in the short interjections at the heart 
of informal conversation—it is not just what we 
say, but how we say it, that counts. Whereas in 
writing, “yes” is usually affirmative, in speech its 
meaning can be more complex, more layered, and 
more sophisticated. With the right tone of voice, 
we can either say “yes” to agree, to reassure, to 
bide for time, or even to undermine (without 
being so blunt as to actually say “no”) [2]. 
Speech technology with Subtle tones of Voice
This is a project about more expressive inter-
actions with speech technology, specifically 
interacting with the tone of voice of synthesized 
speech. We hesitate to use the term “emotional” 
speech synthesis because, as we will explain, we 
are far more interested in the complex nuances 
of everyday speech than basic emotions such as 
sadness and fear.
As interaction designers, our focus is not on 
how to produce different tones of voice with 
speech technology itself. (We know there are more 
expert researchers looking into this, and we are 
collaborating with a world-leading research center 
on another project). Instead, we are exploring the 
implications for a user interface: How might some-
one who is not a speech technologist conceive of 
tone of voice in the first place, and therefore select 
or control it? This is a challenging question.
A Story in Six Chairs
Without any further preamble, we will unfold the 
story of the project through the objects them-
selves, introducing the background, rationale, and 
inspiration along the way...
Chair No.1. The Exclaiming/Questioning Chair, 
the first chair in the collection, is a reclaimed 
[2] Crystal, D. The 
English Tone of 
Voice: Essays in 
Intonation, Prosody and 
Paralanguage. London: 
Edward Arnold, 1975.
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real-time control, sounds far from realistically 
human. Besides their iconic visual representation 
of spoken announcements, the low-fidelity sound 
from the metal horn speakers accentuates the 
highly artificial sound of the speech. The empha-
sis is not on its realism, but its expressiveness.)
... and so-called emotional speech
Of course the limitations of TTS have not 
escaped the developers of speech technology. 
There are many research projects (and have been 
for some time) investing synthetic speech with 
different emotions [5]. The standard approach 
remains to create the most extreme emotions—
usually defined as joy, sadness, anger and fear—
and to interpolate any other emotion between 
these four and a neutral tone of voice. The Happy/
Sad Chair illustrates just this approach.
Manufacturers of AAC (augmentative and 
alternative communication) devices are expect-
ing speech technology to support this kind of 
emotional speech in the future. So a more con-
ventional assistive technology project might 
have taken this emotional model as a given 
and designed in more detail how this might be 
translated into a usable interface (even if some 
assistive technology researchers predict that 
emotion could be sensed automatically with 
biosensors, supposedly obviating the need for a 
conscious user interface at all). But our intent is 
to challenge these assumptions—we (and other 
TTS is found in the screen-reading software 
used by many visually impaired people, in other 
eyes-free interfaces (such as Apple’s iPod Shuffle), 
and in automated telephone answering services. 
But its most profound application is in com-
munication devices used by people who cannot 
speak. And it is here that the limitations of TTS 
can be most disabling, because a lack of variation 
in tone of voice can never be neutral. A lack of 
expressiveness can itself send out a false message 
that the person is emotionally impaired as well 
as speech-impaired, or perhaps socially unsophis-
ticated. Writing and speaking are fundamentally 
different ways of conveying language, and yet 
TTS treats them as if they were equivalent.
Chair No. 2. The Happy/Sad Chair, illustrates 
an alternative approach. On a reclaimed wooden 
dining chair, a tuning dial (from a 1950s Bush 
radio) has been relabeled, the international radio 
stations replaced by a two-dimensional mapping 
of emotions, taken from psychological research 
[3]. Inside the box a potentiometer registers the 
rotation of the tuning dial, and a separate slider 
controls the degree of emotion. These inputs 
drive a parametric model of prosody, using gran-
ular synthesis and formant resynthesis in Max/
MSP—a flexible “experience prototype” standing 
in for more sophisticated state-of-the-art speech 
technology [4]. (Our speech technology, while 
flexible and capable of a high level of nuance and 
[3] Schlosberg, H. 
“Three Dimensions 
of Emotion.” The 
Psychological Review 
61, 2 (1954): 81–88.
[4] Buchenau, M. 
and Fulton Suri, 
J. “Experience 
Prototyping.” Paper 
presented at the 3rd 
International Conference 
on Designing Interactive 
Systems, August 17–19, 
New York (2000): 
424–433.
[5] Murray, I. and Arnott, 
J. “Implementation and 
Testing of a System for 
Producing Emotion-
by-rule in Synthetic 
Speech.” Speech 
Communication 16 
(1995): 369–390.
•  Stills from a 
video of three 
completed 
speaking chairs 
in action. See 
more at the Six 
Speaking Chairs 
website; http://
imd.dundee.
ac.uk/sixspeak-
ingchairs/video.
html/
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[6] Pullin, G. Design 
Meets Disability. 
Cambridge: The MIT 
Press, 2009.
[7] Campbell, Nick. 
“Getting to the Heart 
of the Matter: Speech 
as the Expression of 
Affect, Rather Than 
Just Text or Language.” 
Language Resources 
and Evaluation 39, 1 
(2005): 109–118.
[8] Goodwin, C. “A 
Competent Speaker 
Who Can’t Speak: The 
Social Life of Aphasia.” 
Journal of Linguistic 
Anthropology 14, 2 
(2004): 151–170.
[9] Jones, D. English 
Phonetics. Cambridge 
(U.K.): W.H. Heffer, 
1936.
[10] Kempelen, 
Wolfgang von. 
Mechanismus der 
menschlichen Sprache 
nebst Beschreibung 
einer sprechenden 
Maschine. Vienna: JB 
Degen, 1791.
[11] IDEO. “Social 
Mobiles.” 2002. http://
www.ideo.com/work/
item/social-mobiles/
[12] Standage, T. “Think 
Before You Talk.” The 
Economist, January 
16, 2003.
prototyping reasons. There is a secondary con-
trol on the other side of the seat, selecting “no,” 
“really,” or “hello” in favor of the default “yes,” all 
four chosen for the importance of tone of voice 
in their meaning and for their role in engaging 
and sustaining conversation. This is not without 
precedent in the study of AAC: Some people with 
aphasia lose their vocabulary yet nonetheless 
manage to influence and direct a conversation [8].
Chair No. 4. The Rising/Falling Chair dispenses 
with intermediate parameters and gives direct 
control of the speech sounds: The user traces the 
desired pitch contour on a flat surface (the touch-
screen of a Nintendo DS embedded in the chair) 
and the intonation and timing of the synthesised 
speech follows this in real time. This is based 
on intonation diagrams that phoneticians use to 
record speech tones [9], turned around to define 
rather than transcribe. We have been surprised 
by how intuitive this can prove even for people 
not trained in phonetics. An exercise in hand-
ear coordination that yields ever greater levels 
of control and nuance with practice, it is akin to 
learning a musical instrument.
... and curating design collections
This manipulation of the voice builds on 
Pullin’s “Speaking Mobile,” in which the intona-
tion of synthesised speech was controlled with 
a thumb joystick (itself inspired by Kempelen’s 
Speaking Machine” [10]). This radical mobile 
phone allowed expressive telephone conversation 
to be silently and discreetly held in public places, 
without disturbing other people. It was one of 
five concepts in “Social Mobiles,” a collaboration 
between IDEO and Crispin Jones led by Jones 
and Pullin [11]. This critical design project pro-
voked discussion about the anger and frustration 
caused by other people’s mobile phones [12].
“Social Mobiles” inspired the format of the 
“Six Speaking Chairs” as a design collection. A 
design collection, by which we mean a series of 
designs conceived to be considered collectively, 
can provoke more divergent discussion than more 
conventional design concepts. The allusion to 
museum collections is appropriate: The six chairs 
each represent a way of thinking about speech 
encountered on our interdisciplinary travels and 
brought back home. Our mental models, like the 
physical controls and the chairs themselves, are 
all found objects, reappropriated. Their physi-
cal form—the anonymous chairs, the plain gray 
researchers, as the subsequent chairs show) 
believe that expression of emotion is only one 
aspect of tone of voice. Not to even mention the 
moral implications of providing someone with a 
device that uncontrollably broadcasts their emo-
tional state through tone of voice.
We believe that designers can play a valuable 
role in disability-related design, not only in refin-
ing clinically and technically driven solutions, 
but also in provoking discussion about the very 
role of assistive technology, a theme explored in 
Design Meets Disability [6]. So Chair No. 2 is not the 
end of the story.
Chair No. 3. The Offering/Seeking Chair goes 
beyond emotions. We have reservations about 
using the phrases “emotional speech” and 
“expressive speech” interchangeably. Our emo-
tions are just one of the things that we express 
through tone of voice, and even then, the situ-
ation is more complicated: when we try to sup-
press our emotions but they are still discernable, 
when we feign an emotion, or when two emotions 
are combined or even in conflict.
Chair No. 3, the Offering/Seeking Chair, is 
based not just on the emotions of the speaker, 
but also around the relationship they have with 
their conversational partner, the social context 
in which they find themselves, and their con-
versational intent. It is built on the work of Nick 
Campbell, a speech corpora researcher [7]. The 
chair’s interface is a series of six toggle switches: 
two to register the social relationship between 
conversational partners; two to reflect the con-
versational intent of any individual utterance. 
This leaves two switches to register a total of just 
four emotional states.
... and challenging existing paradigms
We are interested in understanding more about 
the relative strengths and weaknesses of this 
approach when compared with the emotional 
model. The overall number of tones of voice, and 
therefore the cognitive overhead, is not too dis-
similar. But we are gaining complementary sensi-
tivity at the expense of fine emotional control.
Our interactive prototypes allow each to be 
deployed within a conversational context to 
assess their effectiveness—not only their clarity 
or ambiguity, but also the conversational influ-
ence and creative expression that they afford. 
These contexts have to be carefully crafted, given 
that the chairs are limited to just four words for in
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AAC devices. The “Tango!” by Blink Twice [16], 
in many ways the state of the art, allows a child 
to speak, shout, whisper, and whine (note that 
none of these are emotions). This is wonderfully 
expressive for a young child, but for adults, tone 
of voice is richer still and more finely nuanced—
and more personal.
... and 17 ways to say yes
Alongside the doorbells is a recess containing a 
white pencil with the simple instruction: “please 
customize,” which hints that we intend people to 
choose their own 17 ways. We have asked AAC 
users and other experts which tones they would 
choose, were they to be limited to just ( just!) 17. 
Shaw’s descriptions are more heterogeneous 
than any of the mental models we have borrowed 
from academic sources. The unified model of the 
academic is eschewed in favor of the pragmatism 
of the practitioner, whose goal after all is practi-
cal, rather than theoretical. This of course is also 
the motivation of our future users, and we are 
not surprised to see this degree of heterogeneity 
in their responses, too. They showed a level of 
diversity—both between people and within indi-
viduals’ 17 choices—that starts to show that any 
single mental model may never be sufficient. 
Following the Chairs
We believe the challenge ahead, on the project 
that is already following this [17], is to embrace 
this complexity of coexisting models while main-
taining simplicity of interaction. It does sound 
very challenging—but at the same time, it is an 
appropriate contribution for interaction designers 
to make to this fascinating interdisciplinary area. 
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boxes, and the familiar controls out of contex—is 
designed to reflect this, designed to look not 
designed as much as displayed. The project is as 
much an exercise in curation as creation [13].
Chair No. 5. The Reassuring/Undermining 
Chair offers more abstract control. The user hits 
a drum pad, and the way in which it is hit and 
the material with which it is hit determine the 
timbre and intonation of the utterance. Confident 
hitting will trigger “yes” and “no” responses 
in different tones of voice; lighter tapping will 
produce the type of paralinguistic sounds (for 
instance, “uh-huh” and “ye-yeah”) that lubricate 
conversation, encouraging or undermining the 
other person while they are speaking without 
interrupting them, yet which are not even part of 
current TTS systems.
As with any musical instrument, practice 
would be required to explore this relationship 
between action and sound. We are interested 
in how accessible, rewarding, and expressive 
this might be for people with differing musical 
abilities. This approach has been informed and 
inspired by Cook’s “Tactophonics”, an explora-
tion of intuitive interaction with computer music 
underpinned by the concepts of affordance and 
expressive performance through objects as var-
ied and unexpected as tree branches and base-
ball bats [14].
... and materiality in interaction design
This has also led us to consider a role for physi-
cal materials as part of the user interface. How 
might the qualities of materials translate into 
voice quality? Waxy, woolly, glassy, porcelain, 
dark chocolate, even “rich fruitcake” might all 
bring to mind a particular voice quality. Here, as 
elsewhere in interaction design, material quali-
ties offer underexplored opportunities for associ-
ations that are familiar and intuitive, yet abstract 
and open to interpretation.
Chair No. 6. Lastly, the Terse/Roaring Chair 
has 17 doorbells, each of which offers a differ-
ent description of tone of voice, from coaxing 
to coyly, from whimpering to whispering. These 
descriptors are taken from stage directions by the 
playwright George Bernard Shaw [15].
In communication devices, a selection rather 
than a manipulation may be more appropriate 
after all, since speech impairment is so often 
associated with other physical impairments. 
But 17 choices are many more than existing 
[13] Pullin, G. “Curating 
and Creating Design 
Collections, from Social 
Mobiles to the Museum 
of Lost Interactions and 
Six Speaking Chairs.” 
Design and Culture 2, 
1 (2010).
[14] Cook, A. “Your 
Favourite Thing Would 
Like to Sing.” Presented 
at NIME, New York 
(2008).
[15] These descriptors 
are taken from a George 
Bernard Shaw’s stage 
directions. Shaw, G. 
B. Pygmalion. London: 
Penguin Classics, 2003.
[16] DynaVox. Tango! 
2009. http://www.
dynavoxtech.com/prod-
ucts/tango/
[17] Speaking Unit. 
“Speech Hedge.” July 
2010. http://speak-
ingunit.co.uk/speech-
hedge/
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ol
la
bo
ra
tio
n 
be
tw
ee
n 
an
 i
nd
iv
id
ua
l 
de
si
gn
er
 a
nd
 a
 y
ou
ng
 p
er
so
n 
w
ith
 c
om
pl
ex
 
co
m
m
un
ic
at
io
n 
ne
ed
s,
 w
ho
 t
og
et
he
r 
cr
ea
te
d 
a 
re
fr
es
hi
ng
ly
 
si
m
pl
e 
an
d 
pr
ov
oc
at
iv
e 
pi
ec
e:
 
an
 
ex
em
pl
ar
 
of
 
w
ha
t 
ca
n 
ha
pp
en
 w
he
n 
de
si
gn
 m
ee
ts
 A
AC
.
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7
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
ch
oi
ce
 o
f w
or
ds
 a
nd
 p
un
ct
ua
tio
n.
”2
So
 i
m
pr
ov
in
g 
th
e 
ex
pr
es
si
ve
ne
ss
 o
f 
co
m
m
un
ic
at
io
n 
ai
ds
 
m
ay
 d
em
an
d 
th
in
ki
ng
 a
bo
ut
 i
nt
er
ac
tin
g 
w
ith
 s
yn
th
es
iz
ed
 
sp
ee
ch
 i
n 
a 
to
ta
lly
 d
iff
er
en
t 
w
ay
, 
no
t 
ju
st
 a
dv
an
ci
ng
 t
he
 
un
de
rl
yi
ng
 
te
ch
no
lo
gy
. 
Pr
of
es
so
r 
Al
an
 
N
ew
el
l 
ha
s 
be
en
 
pi
on
ee
ri
ng
 A
AC
 r
es
ea
rc
h 
at
 t
he
 U
ni
ve
rs
ity
 o
f 
D
un
de
e 
fo
r 
25
 y
ea
rs
 a
nd
 c
on
si
de
rs
 t
ha
t 
th
e 
fie
ld
 h
as
 s
et
tle
d 
in
to
 r
at
he
r 
co
ns
er
va
tiv
e 
w
ay
s 
of
 a
pp
ro
ac
hi
ng
 c
om
m
un
ic
at
io
n 
de
vi
ce
s.
 
As
 e
ar
ly
 a
s 
19
91
 h
e 
w
as
 a
dv
oc
at
in
g 
a 
“p
ar
ad
ig
m
 s
hi
ft”
3  
in
 t
hi
nk
in
g 
ab
ou
t 
AA
C:
 a
 s
hi
ft 
th
at
 i
s 
ye
t 
to
 t
ak
e 
pl
ac
e.
 
In
te
ra
ct
io
n 
de
si
gn
er
s 
co
ul
d 
m
ak
e 
a 
va
lu
ab
le
 c
on
tr
ib
ut
io
n,
 
co
m
pl
em
en
tin
g 
th
e 
H
um
an
 
Co
m
pu
te
r 
In
te
rf
ac
e 
(H
CI
) 
sp
ec
ia
lis
ts
 a
lr
ea
dy
 i
n 
th
e 
fie
ld
 b
y 
br
in
gi
ng
 a
 d
es
ig
n 
cu
ltu
re
, 
de
si
gn
 s
en
si
bi
lit
ie
s 
an
d 
de
si
gn
 s
ki
lls
 t
o 
ou
r 
in
te
ra
ct
io
ns
 w
ith
 
te
ch
no
lo
gy
 a
nd
 c
om
m
un
ic
at
io
n 
w
ith
 e
ac
h 
ot
he
r.
 D
es
ig
ni
ng
 
an
y 
co
m
m
un
ic
at
io
n 
ai
d 
is
 a
bo
ut
 d
es
ig
ni
ng
 in
te
ra
ct
io
ns
.4
pl
ay
in
g 
w
ith
 s
pe
ec
h
O
ne
 e
xa
m
pl
e 
of
 a
 r
ad
ic
al
 n
ew
 i
nt
er
ac
tio
n 
w
ith
 s
yn
th
es
iz
ed
 
sp
ee
ch
 c
an
 b
e 
fo
un
d 
in
 t
he
 S
oc
ia
l M
ob
ile
s 
pr
oj
ec
t, 
th
e 
ex
tr
em
e 
te
le
ph
on
es
 
th
at
 
re
du
ce
d 
an
ti-
so
ci
al
 
be
ha
vi
or
. 
Th
e 
se
co
nd
 
ph
on
e 
in
 t
he
 s
er
ie
s,
 t
he
 S
pe
ak
in
g 
M
ob
ile
, 
di
dn
’t 
de
te
r 
pe
op
le
 
fr
om
 u
si
ng
 th
ei
r 
ph
on
e,
 b
ut
 a
llo
w
ed
 th
em
 to
 s
pe
ak
 w
ith
 th
ei
r 
ha
nd
s,
 i
n 
ci
rc
um
st
an
ce
s 
w
he
re
 i
t 
w
ou
ld
 b
e 
in
co
ns
id
er
at
e 
to
 
ta
lk
 o
ut
 l
ou
d.
 T
hi
s 
in
hi
bi
tio
n 
co
ul
d 
al
m
os
t 
be
 v
ie
w
ed
 a
s 
a 
so
ci
al
ly
-c
on
te
xt
ua
l s
pe
ec
h 
im
pa
ir
m
en
t.
If
 T
TS
 o
ff
er
s 
a 
fu
ll 
vo
ca
bu
la
ry
 b
ut
 l
itt
le
 o
r 
no
 c
on
tr
ol
 o
f 
in
to
na
tio
n,
 t
he
 S
pe
ak
in
g 
M
ob
ile
 i
s 
al
l i
nt
on
at
io
n,
 a
t 
th
e 
ex
pe
ns
e 
of
 v
oc
ab
ul
ar
y.
 I
n 
fa
ct
 t
he
 u
se
r 
ca
n 
sa
y 
on
ly
 “
Ye
ah
” 
or
 “
N
o”
, 
bu
t 
ca
n 
in
to
ne
 t
he
se
 a
ny
 w
ay
 t
he
y 
w
an
t 
to
 b
y 
m
an
ip
ul
at
in
g 
th
ei
r 
tim
in
g 
an
d 
pi
tc
h 
w
ith
 a
 j
oy
st
ic
k.
 W
ith
 p
ra
ct
ic
e,
 i
t 
is
 
po
ss
ib
le
 t
o 
pr
od
uc
e 
al
l 
of
 t
he
 v
ar
ia
nt
s 
de
sc
ri
be
d 
by
 C
ry
st
al
 
an
d 
m
or
e.
Ca
n 
an
yt
hi
ng
 b
e 
le
ar
nt
 f
ro
m
 t
hi
s 
ex
tr
em
e 
ap
pr
oa
ch
, 
th
at
 
m
ig
ht
 h
av
e 
re
le
va
nc
e 
to
 c
om
m
un
ic
at
io
n 
ai
ds
?5
 I
n 
ac
co
rd
an
ce
 
Sh
ad
es
 o
f m
ea
ni
ng
 o
f “
ye
s”
 fr
om
 th
e 
fif
th
 e
di
tio
n 
of
 A
n 
Ou
tli
ne
 of
  
En
gli
sh
 P
ho
ne
tic
s b
y 
D
an
ie
l J
on
es
, p
ub
lis
he
d 
in
 1
93
6 
by
 W
 H
 H
ef
fe
r.
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9
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
w
ith
 th
e 
pr
in
ci
pl
e 
of
 e
xp
er
ie
nc
e 
pr
ot
ot
yp
in
g,
 a
 fu
lly
 w
or
ki
ng
 
ph
on
e 
w
as
 b
ui
lt 
th
at
 c
ou
ld
 b
e 
us
ed
 o
n 
te
le
ph
on
e 
ca
lls
. 
Th
e 
ex
pe
ri
en
ce
 o
f u
si
ng
 it
 w
as
 th
at
 it
 w
as
 s
ur
pr
is
in
gl
y 
ef
fe
ct
iv
e 
in
 
co
nv
er
sa
tio
n.
 Y
es 
an
d 
no
 a
re
 n
ot
 re
st
ri
ct
ed
 to
 a
ns
w
er
in
g 
st
ra
ig
ht
 
qu
es
tio
ns
. 
In
te
rj
ec
tin
g 
m
or
e 
am
bi
va
le
nt
 “
ye
s 
[s
or
t 
of
...
]”
 o
r 
“n
o 
[n
ot
 q
ui
te
...
]”
 r
es
po
ns
es
 c
an
 b
e 
us
ed
 t
o 
sk
ill
fu
lly
 s
te
er
 a
 
co
nv
er
sa
tio
n 
to
w
ar
ds
 a
 d
es
ir
ed
 o
ut
co
m
e.
 A
ls
o,
 p
eo
pl
e 
ev
ol
ve
d 
a 
te
ch
ni
qu
e 
of
 c
ur
ta
ile
d 
ye
-y
ea
hs
 a
nd
 u
h-
hu
hs
 t
o 
re
as
su
re
 t
he
 
ot
he
r 
pe
rs
on
 t
ha
t 
th
ey
 w
er
e 
st
ill
 li
st
en
in
g.
 O
n 
th
e 
te
le
ph
on
e,
 
w
he
n 
fa
ci
al
 e
xp
re
ss
io
ns
 c
an
no
t 
be
 s
ee
n,
 t
he
se
 i
nt
er
je
ct
io
ns
 
ta
ke
 
th
e 
pl
ac
e 
of
 
su
bc
on
sc
io
us
 
no
dd
in
g,
 
su
pp
or
tin
g 
an
d 
su
st
ai
ni
ng
 th
e 
co
nv
er
sa
tio
n.
Am
ar
 L
at
if 
is
 a
 f
ilm
-m
ak
er
, 
fo
un
de
r 
of
 t
he
 T
ra
ve
ley
es6
 t
ra
ve
l 
co
m
pa
ny
, 
st
ar
 
of
 
BB
C’
s 
Be
yo
nd
 B
ou
nd
ar
ies
 
an
d 
a 
qu
al
ifi
ed
, 
pr
ac
tic
in
g 
ac
co
un
ta
nt
. L
at
if 
de
fin
ed
 w
ha
t 
he
 f
ou
nd
 t
o 
be
 t
he
 
w
or
st
 t
hi
ng
 a
bo
ut
 b
ei
ng
 b
lin
d.
 I
t 
w
as
 n
ot
 h
e 
sa
id
, 
as
 p
eo
pl
e 
m
ig
ht
 s
us
pe
ct
, t
he
 in
ab
ili
ty
 to
 d
ri
ve
 a
 c
ar
 o
r 
w
at
ch
 a
 fi
lm
. F
or
 
hi
m
, 
it 
w
as
 t
he
 i
na
bi
lit
y 
to
 r
ea
d 
pe
op
le
’s
 f
ac
ia
l 
ex
pr
es
si
on
s 
w
he
n 
he
 w
as
 t
al
ki
ng
 t
o 
th
em
. 
N
ot
 t
o 
kn
ow
 i
f 
th
ey
 w
er
e 
ha
ng
in
g 
on
 h
is
 e
ve
ry
 w
or
d,
 o
r 
w
he
th
er
 th
ey
 h
ad
 lo
st
 in
te
re
st
 
an
d 
w
er
e 
al
re
ad
y 
lo
ok
in
g 
ar
ou
nd
 th
e 
ro
om
 fo
r s
om
eo
ne
 m
or
e 
in
te
re
st
in
g 
to
 t
al
k 
to
, 
al
th
ou
gh
 t
hi
s 
is
 u
nl
ik
el
y 
gi
ve
n 
La
tif
’s
 
w
ar
m
 b
ut
 d
ry
 G
la
sw
eg
ia
n 
hu
m
or
. 
H
er
e 
is
 a
 r
es
on
an
ce
 o
f 
ne
ed
s 
be
tw
ee
n 
pe
op
le
 o
n 
th
e 
te
le
ph
on
e 
an
d 
vi
su
al
ly
 im
pa
ir
ed
 
pe
op
le
.
W
ith
 i
ts
 e
m
ph
as
is
 o
n 
w
ri
tte
n 
la
ng
ua
ge
, 
Te
xt
-T
o-
Sp
ee
ch
 
te
nd
s 
to
 
ov
er
lo
ok
s 
th
es
e 
pa
ra
lin
gu
ist
ic 
us
es
 
of
 
sp
ee
ch
 
in
 
co
m
m
un
ic
at
io
n,
 a
nd
 a
s 
a 
re
su
lt 
so
 d
o 
m
os
t 
AA
C 
de
vi
ce
s.
 
Th
e 
au
th
or
 i
s 
le
ad
in
g 
de
si
gn
 r
es
ea
rc
h 
at
 t
he
 U
ni
ve
rs
ity
 o
f 
D
un
de
e 
th
at
 w
ill
 a
do
pt
 m
or
e 
ra
di
ca
l a
pp
ro
ac
he
s 
to
 s
yn
th
et
ic
 
sp
ee
ch
, t
re
at
in
g 
sp
ee
ch
 a
s 
so
un
d,
 a
s 
m
uc
h 
as
 te
xt
, b
or
ro
w
in
g 
m
en
ta
l 
m
od
el
s 
fr
om
 f
ie
ld
s 
as
 d
iv
er
se
 a
s 
so
ci
ol
in
gu
is
tic
s 
an
d 
st
ag
e 
di
re
ct
io
ns
, 
pe
rc
us
si
ve
 
in
st
ru
m
en
ts
 
an
d 
ps
yc
ho
lo
gy
, 
an
d 
in
sp
ir
ed
 a
s 
m
uc
h 
by
 t
he
 e
ar
lie
st
 m
ec
ha
ni
ca
l 
sp
ee
ch
 
sy
nt
he
si
ze
rs
7  a
s 
by
 c
om
pu
te
r 
te
ch
no
lo
gy
.
Th
e S
pe
ak
in
g M
ob
ile
 in
 th
e 
ha
nd
s 
of
 m
od
el
m
ak
er
 A
nt
on
 S
ch
ub
er
t.
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ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
17
 w
ay
s 
to
 s
ay
 “
re
al
ly
”
G
oi
ng
 b
ey
on
d 
Cr
ys
ta
l’s
 n
in
e 
w
ay
s 
of
 s
ay
in
g 
ye
s,
 th
e 
hi
st
or
ia
n 
Pa
ul
 J
oh
ns
on
 h
as
 b
ee
n 
qu
ot
ed
 a
s 
sa
yi
ng
 “
N
o 
m
an
 i
s 
tr
ul
y 
En
gl
is
h 
if 
he
 c
an
no
t 
sa
y 
‘R
ea
lly
’ 
17
 d
iff
er
en
t 
w
ay
s”
. 
Th
is
 
st
at
em
en
t 
m
ay
 b
e 
ir
on
ic
, 
bu
t 
it 
ex
pr
es
se
s 
a 
br
oa
de
r 
ro
le
 
of
 
su
bt
le
 
in
to
na
tio
n:
 
sp
ee
ch
 
co
m
m
un
ic
at
es
 
no
t 
on
ly
 
th
e 
m
ea
ni
ng
 o
f 
an
 in
di
vi
du
al
 s
en
te
nc
e,
 b
ut
 s
o 
m
uc
h 
m
or
e 
ab
ou
t 
th
e 
id
en
tit
y 
an
d 
ch
ar
ac
te
r 
of
 th
e 
sp
ea
ke
r.
An
d 
th
e 
co
nv
er
se
 c
an
 b
e 
tr
ue
. 
An
na
lu
 W
al
le
r,
 a
no
th
er
 
re
se
ar
ch
er
 in
to
 A
AC
 a
t D
un
de
e 
U
ni
ve
rs
ity
,8  
is
 p
as
si
on
at
e 
ab
ou
t 
th
e 
w
ay
 i
n 
w
hi
ch
 w
e 
al
l 
m
ak
e 
ju
dg
m
en
ts
 a
bo
ut
 a
 s
tr
an
ge
r’
s 
in
te
lli
ge
nc
e 
ba
se
d 
on
 t
he
 t
he
ir
 f
ir
st
 u
tte
ra
nc
es
. 
Sh
e 
w
or
ri
es
 
th
at
 c
om
m
un
ic
at
io
n 
ai
ds
 w
ith
 a
 l
im
ite
d 
ra
ng
e 
of
 i
nt
on
at
io
n 
ca
n 
im
pl
y 
a 
co
rr
es
po
nd
in
g 
lim
it 
to
 t
he
 e
m
ot
io
na
l 
ra
ng
e 
an
d 
th
er
ef
or
e 
th
e 
in
te
lli
ge
nc
e 
of
 t
he
ir
 u
se
rs
, 
as
 h
as
 h
er
 c
ol
le
ag
ue
 
N
or
m
an
 A
lm
.9  
D
r.
 W
al
le
r 
ha
s 
ce
re
br
al
 p
al
sy
 h
er
se
lf 
an
d 
ha
s 
re
so
rt
ed
 t
o 
ca
rr
yi
ng
 a
ca
de
m
ic
 b
oo
ks
 g
ra
tu
ito
us
ly
 u
nd
er
 h
er
 
ar
m
 w
he
n 
fly
in
g,
 i
n 
or
de
r 
to
 b
e 
ta
ke
n 
m
or
e 
se
ri
ou
sl
y 
“a
s 
a 
pe
rs
on
” 
by
 t
he
 c
ab
in
 c
re
w
. 
If
 i
nt
on
at
io
n 
ca
nn
ot
 y
et
 b
e 
co
nt
ro
lle
d 
by
 th
e 
us
er
 o
f 
a 
co
m
m
un
ic
at
io
n 
ai
d,
 p
er
ha
ps
 e
ve
n 
a 
ra
nd
om
iz
ed
 v
ar
ia
tio
n 
of
 i
nt
on
at
io
n 
m
ig
ht
 h
el
p 
th
e 
us
er
 t
o 
be
 t
ak
en
 m
or
e 
se
ri
ou
sl
y?
 F
or
 W
al
le
r 
an
d 
Al
m
 t
hi
s 
is
 n
ot
 a
 
ri
di
cu
lo
us
 id
ea
.
pr
os
e 
in
to
 p
oe
tr
y
Fo
r 
so
m
e 
pe
op
le
, l
an
gu
ag
e 
pl
ay
s 
an
 e
ve
n 
m
or
e 
ce
nt
ra
l r
ol
e 
in
 
th
ei
r 
id
en
tit
y.
 A
rt
 H
on
ey
m
an
 i
s 
a 
po
et
, 
w
ho
 a
ls
o 
ha
pp
en
s 
to
 
ha
ve
 c
er
eb
ra
l 
pa
ls
y.
 H
e 
lik
es
 t
o 
le
av
e 
hi
s 
po
em
s 
as
 m
es
sa
ge
s 
- 
as
 g
ift
s 
- 
on
 h
is
 f
ri
en
ds
’ 
te
le
ph
on
e 
an
sw
er
in
g 
m
ac
hi
ne
s,
 
bu
t 
w
as
 n
ev
er
 h
ap
py
 w
ith
 t
he
 m
on
ot
on
ic
 d
el
iv
er
y 
of
 h
is
 
ex
is
tin
g 
co
m
m
un
ic
at
io
n 
ai
d.
 E
ri
k 
Bl
an
ki
ns
hi
p,
 a
 r
es
ea
rc
he
r 
at
 
M
IT
 M
ed
ia
La
b,
 w
or
ke
d 
w
ith
 H
on
ey
m
an
 t
o 
cr
ea
te
 P
oe
m
Sh
op
.10
 
In
 t
he
 w
ay
 t
ha
t 
Ad
ob
e 
Ph
ot
oS
ho
p 
al
lo
w
s 
th
e 
m
an
ip
ul
at
io
n 
of
 
ph
ot
og
ra
ph
s,
 s
o 
Po
em
Sh
op
 a
llo
w
ed
 H
on
ey
m
an
 t
o 
m
an
ip
ul
at
e 
th
e 
so
un
d 
of
 h
is
 s
yn
th
es
iz
ed
 p
oe
m
s.
 T
hi
s 
tr
ia
l 
in
te
rf
ac
e 
w
as
 
M
an
ip
ul
at
io
n 
of
 in
to
na
tio
n 
w
ith
 T
he
 S
pe
ak
in
g M
ob
ile
.
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de
si
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ee
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is
ab
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2
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3
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
or
 n
ot
. 
Bu
t 
as
 t
he
 t
ec
hn
ol
og
y 
pr
og
re
ss
es
, 
w
ha
t 
qu
al
iti
es
 w
ill
 
de
te
rm
in
e 
th
e 
ac
ce
pt
an
ce
 o
f 
a 
sy
nt
he
si
ze
d 
vo
ic
e 
by
 i
ts
 u
se
r 
an
d 
th
e 
pe
op
le
 t
he
y 
ta
lk
 t
o?
 J
us
t 
as
 s
om
e 
am
pu
te
es
 c
an
 f
ee
l 
un
co
m
fo
rt
ab
le
 w
ith
 a
 c
os
m
et
ic
 p
ro
st
he
se
s 
ou
t 
of
 p
ro
po
rt
io
n 
w
ith
 t
he
 r
es
t 
of
 t
he
ir
 b
od
y 
an
d 
so
 “
no
t 
th
eir
 h
an
d”
, 
bu
t 
al
so
 
on
e 
th
at
 i
s 
to
o 
ee
ri
ly
 r
ea
lis
tic
, 
ev
en
 m
ac
ab
re
, 
pe
rh
ap
s 
as
 t
he
 
na
tu
ra
ln
es
s 
of
 T
TS
 im
pr
ov
es
, t
he
re
 m
ay
 b
e 
in
te
re
st
 in
 c
re
at
in
g 
sy
nt
he
tic
 v
oi
ce
s 
th
at
 a
re
 s
en
si
tiv
e 
ye
t a
ck
no
w
le
dg
es
 th
ei
r 
ow
n 
ar
tif
ic
ia
lit
y.
Te
xt
-t
o-
sp
ee
ch
 s
til
l 
te
nd
s 
to
 b
e 
tr
ea
te
d 
fa
r 
m
or
e 
as
 a
 
te
ch
no
lo
gy
 t
ha
n 
a 
de
si
gn
ed
 m
ed
iu
m
, 
as
 i
f 
th
e 
qu
es
t 
fo
r 
 s
o-
ca
lle
d 
na
tu
ra
l s
pe
ec
h 
ob
vi
at
es
 d
es
ig
n 
de
ci
si
on
s a
bo
ut
 th
e 
na
tu
re
 
of
 it
s 
ar
tif
ic
ia
lit
y.
 P
er
fo
rm
an
ce
 a
rt
is
t L
au
ri
e 
An
de
rs
on
 h
as
 s
ai
d 
“t
ec
hn
ol
og
y 
to
da
y 
is
 t
he
 c
am
pf
ir
e 
ar
ou
nd
 w
hi
ch
 w
e 
te
ll 
ou
r 
st
or
ie
s”
. T
ec
hn
ol
og
y 
ca
n 
be
 a
 v
eh
ic
le
 fo
r 
co
m
m
un
ic
at
io
n,
 y
et
 
al
so
 c
ol
or
s 
it.
 I
t i
s 
ne
ve
r 
en
tir
el
y 
tr
an
sp
ar
en
t, 
an
d 
its
 q
ua
lit
ie
s 
- 
its
 w
ar
m
th
, 
its
 b
ri
gh
tn
es
s 
- 
ca
n 
en
ri
ch
 o
r 
co
m
pl
ic
at
e 
ou
r 
ex
pe
ri
en
ce
. 
At
 t
he
 m
om
en
t, 
an
d 
pe
rh
ap
s 
fo
r 
th
e 
fo
re
se
ea
bl
e 
fu
tu
re
, 
sy
nt
he
tic
 s
pe
ec
h 
ca
n 
be
 e
as
ily
 d
is
tin
gu
is
he
d 
fr
om
 
hu
m
an
 s
pe
ec
h 
an
d 
so
 c
om
m
un
ic
at
io
n 
w
ith
 a
n 
AA
C 
de
vi
ce
 
is
 n
ev
er
 t
he
 s
am
e 
as
 c
om
m
un
ic
at
io
n 
w
ith
ou
t. 
Cr
af
tin
g 
th
e 
qu
al
iti
es
 o
f 
sy
nt
he
tic
 s
pe
ec
h,
 w
or
ki
ng
 w
ith
in
 t
he
 l
im
its
 o
f 
th
e 
te
ch
no
lo
gy
 a
s 
it 
ev
ol
ve
s,
 c
ou
ld
 i
n 
tu
rn
 s
tim
ul
at
e 
ne
w
 
di
re
ct
io
ns
 fo
r t
hi
s t
ec
hn
ic
al
 d
ev
el
op
m
en
t. 
Ar
tis
ts
 a
nd
 d
es
ig
ne
rs
 
ha
ve
 s
ta
rt
ed
 to
 e
xp
lo
re
 th
e 
m
ed
iu
m
 o
f s
yn
th
es
iz
ed
 s
pe
ec
h.
Li
ste
ni
ng
 P
os
t12
 i
s 
an
 a
rt
 i
ns
ta
lla
tio
n 
of
 h
un
dr
ed
s 
of
 t
ex
t 
di
sp
la
ys
 
an
d 
hu
nd
re
ds
 
of
 
vo
ic
es
, 
vo
ic
es
 
th
at
 
ar
e 
ov
er
tly
 
sy
nt
he
tic
, y
et
 a
bs
ol
ut
el
y 
be
au
tif
ul
. S
ou
nd
 d
es
ig
ne
r 
Be
n 
Ru
bi
n 
an
d 
re
se
ar
ch
er
 M
ar
k 
H
an
se
n 
sa
m
pl
e 
m
es
sa
ge
s 
on
 th
e 
w
eb
 a
nd
 
tr
an
sl
at
e 
th
em
 i
nt
o 
sy
nt
he
si
ze
d 
sp
ee
ch
. 
Th
e 
m
an
y 
sy
nt
he
tic
 
vo
ic
es
 a
re
 e
ac
h 
m
on
ot
on
ic
, 
bu
t 
th
ei
r 
pi
tc
he
s 
ar
e 
tu
ne
d 
to
 
no
te
s 
on
 a
 s
ca
le
 a
nd
 a
n 
am
bi
en
t 
dr
on
e 
cr
ea
te
s 
a 
so
un
ds
ca
pe
 
re
m
in
is
ce
nt
 o
f 
G
re
go
ri
an
 C
ha
nt
. 
Th
e 
st
ra
ng
e 
th
in
g 
is
 t
ha
t 
al
th
ou
gh
 t
he
 v
oi
ce
s 
ar
e 
m
on
ot
on
ic
, 
th
ey
 s
ou
nd
 c
on
vi
nc
in
gl
y 
hu
m
an
 b
ec
au
se
 a
 c
on
te
xt
 h
as
 b
ee
n 
cr
ea
te
d 
in
 w
hi
ch
 t
he
y 
ch
al
le
ng
in
g 
to
 c
re
at
e 
an
d 
to
 u
se
, 
bu
t 
al
lo
w
ed
 H
on
ey
m
an
 t
o 
he
ar
 a
nd
 r
ef
in
e 
hi
s 
de
liv
er
y 
en
dl
es
sl
y 
un
til
 h
e 
w
as
 h
ap
py
 w
ith
 
it,
 in
 a
 w
ay
 a
n 
ac
to
r 
m
ig
ht
 r
eh
ea
rs
e 
a 
lin
e,
 a
lth
ou
gh
 a
ll 
sp
ee
ch
 
co
nt
ai
ns
 a
n 
el
em
en
t 
of
 p
er
fo
rm
an
ce
. 
Th
e 
ro
le
 o
f 
in
to
na
tio
n 
he
re
 i
s 
pr
of
ou
nd
: 
to
 e
le
va
te
 p
ro
se
 i
nt
o 
po
et
ry
 a
nd
 t
o 
af
fir
m
 
H
on
ey
m
an
’s
 id
en
tit
y 
as
 a
 p
oe
t.
fin
di
ng
 y
ou
r 
vo
ic
e
Pr
of
es
so
r 
St
ep
he
n 
H
aw
ki
ng
 i
s 
th
e 
m
os
t 
fa
m
ou
s 
us
er
 o
f 
a 
co
m
m
un
ic
at
io
n 
ai
d,
 a
lth
ou
gh
 h
is
 si
tu
at
io
n 
is
 u
nu
su
al
 a
m
on
gs
t 
AA
C 
us
er
s 
be
ca
us
e 
he
 i
s 
m
or
e 
im
m
un
e 
th
an
 m
os
t 
fr
om
 t
he
 
ne
ga
tiv
e 
fir
st
 i
m
pr
es
si
on
s 
th
at
 t
hi
s 
te
ch
no
lo
gy
 c
an
 a
ttr
ac
t. 
As
 
a 
le
ad
in
g 
th
eo
re
tic
al
 p
hy
si
ci
st
, 
no
-o
ne
 i
s 
lik
el
y 
to
 i
nf
er
 t
ha
t 
H
aw
ki
ng
 i
s 
co
gn
iti
ve
ly
 i
m
pa
ir
ed
 j
us
t 
be
ca
us
e 
of
 t
he
 w
ay
 h
e 
is
 a
bl
e 
to
 c
on
ve
rs
e,
 a
lth
ou
gh
 h
e 
ha
s 
sa
id
 t
ha
t 
“O
ne
’s
 v
oi
ce
 is
 
ve
ry
 im
po
rt
an
t. 
If
 y
ou
 h
av
e 
a 
sl
ur
re
d 
vo
ic
e,
 p
eo
pl
e 
ar
e 
lik
el
y 
to
 t
re
at
 y
ou
 a
s 
m
en
ta
lly
 d
ef
ic
ie
nt
: 
do
es
 h
e 
ta
ke
 s
ug
ar
?”
11
 I
t 
ha
s 
be
en
 r
ep
or
te
d 
th
at
 H
aw
ki
ng
 p
re
fe
rs
 n
ot
 t
o 
as
k 
to
o 
m
an
y 
qu
es
tio
ns
, 
be
ca
us
e 
of
 t
he
 a
w
kw
ar
dn
es
s 
of
 t
he
ir
 i
nt
on
at
io
n.
 
Su
ch
 a
n 
in
hi
bi
tio
n 
co
ul
d 
ha
ve
 a
 p
ro
fo
un
d 
in
flu
en
ce
 o
n 
an
y 
pe
rs
on
’s
 in
te
ra
ct
io
n 
w
ith
 o
th
er
s.
D
es
pi
te
 t
hi
s,
 H
aw
ki
ng
 h
as
 d
ec
lin
ed
 a
n 
up
da
te
d 
sy
nt
he
tic
 
vo
ic
e 
w
ith
 s
o-
ca
lle
d 
re
al
is
tic
 s
pe
ec
h,
 s
ay
in
g 
th
at
 t
he
 r
ob
ot
ic
-
so
un
di
ng
 s
pe
ec
h 
is
 n
ow
 “
hi
s 
vo
ic
e”
. 
“T
he
 o
nl
y 
tr
ou
bl
e 
is
 
th
at
 i
t 
gi
ve
s 
m
e 
an
 A
m
er
ic
an
 a
cc
en
t”
 s
ay
s 
H
aw
ki
ng
, 
bu
t 
do
 
pe
op
le
 a
sc
ri
be
 th
at
 a
cc
en
t t
o 
hi
m
 o
r 
to
 th
e 
U
.S
. t
ec
hn
ol
og
y?
 It
 
ha
s 
be
co
m
e 
pa
rt
 o
f h
is
 p
ub
lic
 id
en
tit
y.
 H
e 
ha
s 
ev
en
 d
es
cr
ib
ed
 
it 
as
 h
is
 t
ra
de
m
ar
k.
 I
n 
hi
s 
ca
se
, 
hi
s 
fa
m
e 
an
d 
ea
rl
y 
ad
op
tio
n 
of
 s
pe
ec
h 
te
ch
no
lo
gy
 g
av
e 
hi
m
 o
w
ne
rs
hi
p 
of
 h
is
 n
ew
 v
oi
ce
, 
w
he
re
as
 I 
ha
ve
 h
ea
rd
 a
no
th
er
 A
AC
 u
se
r d
es
cr
ib
e 
an
 A
AC
 e
ve
nt
 
so
un
di
ng
 li
ke
 “
a 
ro
om
 fu
ll 
of
 S
te
ph
en
 H
aw
ki
ng
s.
”
sp
ee
ch
 a
s 
a 
de
si
gn
 m
ed
iu
m
Th
e 
ob
vi
ou
s 
ar
tif
ic
ia
lit
y 
of
 
H
aw
ki
ng
’s
 
sp
ee
ch
 
m
ay
 
ha
ve
 
ac
tu
al
ly
 h
el
pe
d 
av
oi
d 
qu
es
tio
ns
 o
f w
he
th
er
 h
is
 v
oi
ce
 su
its
 h
im
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ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
ap
pe
ar
 t
o 
be
 m
on
ot
on
ic
 o
n 
pu
rp
os
e,
 c
ha
nt
in
g 
ra
th
er
 t
ha
n 
sp
ea
ki
ng
. 
Th
ey
 s
ou
nd
 s
en
si
tiv
e 
an
d 
in
te
lli
ge
nt
: 
ve
ry
 p
os
iti
ve
 
qu
al
iti
es
 in
 c
om
m
un
ic
at
io
n 
ai
ds
.
Th
e 
de
ve
lo
pm
en
t 
of
 s
pe
ec
h 
te
ch
no
lo
gy
 c
ou
ld
 b
e 
in
sp
ir
ed
 
by
 e
xp
lo
ra
to
ry
 w
or
k 
lik
e 
th
is
, r
at
he
r 
th
an
 a
lw
ay
s 
ai
m
in
g 
fo
r 
a 
m
od
el
 o
f n
at
ur
al
 s
pe
ec
h.
 In
 th
e 
ne
ar
 fu
tu
re
 a
t l
ea
st
, i
t w
ill
 n
ot
 
be
 p
os
si
bl
e 
to
 p
ro
du
ce
 s
yn
th
et
ic
 s
pe
ec
h 
th
at
 s
ou
nd
s 
to
ta
lly
 
na
tu
ra
l, 
so
 h
ow
 s
ho
ul
d 
it 
so
un
d 
in
st
ea
d?
 B
y 
an
al
og
y,
 w
he
n 
ne
w
 f
on
ts
 h
av
e 
be
en
 d
es
ig
ne
d 
fo
r 
di
sp
la
yi
ng
 t
ex
t 
on
 v
er
y 
lo
w
-r
es
ol
ut
io
n 
di
sp
la
ys
, 
th
ey
 a
re
 n
ot
 j
us
t 
pi
xe
la
te
d 
sa
m
pl
es
 
of
 tr
ad
iti
on
al
 p
ri
nt
ed
 ty
pe
fa
ce
s,
 b
ut
 n
ew
 ty
po
gr
ap
hi
c 
de
si
gn
s,
 
de
si
gn
ed
 p
ix
el
 b
y 
pi
xe
l. 
Sy
nt
he
si
ze
d 
sp
ee
ch
 i
s 
al
so
 a
 d
es
ig
n 
m
ed
iu
m
, 
bu
t 
its
 q
ua
lit
ie
s 
ar
e 
st
ill
 i
m
po
ve
ri
sh
ed
 a
nd
 t
he
 n
ew
 
de
si
gn
 la
ng
ua
ge
s 
it 
co
ul
d 
su
pp
or
t a
re
 u
nd
er
-e
xp
lo
re
d.
sa
y 
it 
w
ith
 a
 k
is
s
In
 t
he
ir
 K
iss
 C
om
m
un
ica
to
r,1
3  
D
un
ca
n 
Ke
rr
 a
nd
 H
ea
th
er
 M
ar
tin
, 
w
ho
 w
en
t o
n 
to
 A
pp
le
 a
nd
 C
op
en
ha
ge
n 
In
st
itu
te
 o
f I
nt
er
ac
tio
n 
D
es
ig
n 
re
sp
ec
tiv
el
y,
 e
xp
lo
re
d 
a 
la
ng
ua
ge
 b
ey
on
d 
w
or
ds
 a
nd
 
sp
ee
ch
. 
Al
on
gs
id
e 
m
ob
ile
 c
om
m
un
ic
at
io
ns
 b
as
ed
 o
n 
vo
ic
e 
an
d 
te
xt
, p
ic
tu
re
s 
an
d 
vi
de
o,
 K
er
r 
an
d 
M
ar
tin
 w
er
e 
in
te
re
st
ed
 
in
 s
im
pl
er
, 
m
or
e 
ab
st
ra
ct
 b
ut
 e
qu
al
ly
 l
oa
de
d 
m
ed
ia
. 
Lo
ve
rs
 
w
ou
ld
 b
uy
 a
 b
ox
ed
 p
ai
r o
f K
iss
 C
om
m
un
ica
to
rs,
 e
ac
h 
de
di
ca
te
d 
to
 
th
e 
ot
he
r.
 W
he
n 
on
e 
lo
ve
r 
bl
ow
s 
in
to
 th
ei
r 
co
m
m
un
ic
at
or
, a
 
pa
tte
rn
 o
f l
ig
ht
s 
pl
ay
s 
ov
er
 it
s 
su
rf
ac
e 
an
d 
is
 s
en
t t
o 
th
e 
ot
he
r,
 
w
he
re
ve
r 
it 
is
 in
 t
he
 w
or
ld
. W
he
n 
th
ei
r 
pa
rt
ne
r 
no
tic
es
 t
he
ir
 
de
vi
ce
 g
lo
w
in
g 
ge
nt
ly
, 
th
ey
 c
an
 r
el
ea
se
 t
hi
s 
m
es
sa
ge
 a
nd
 s
ee
 
th
e 
or
ig
in
al
 p
at
te
rn
 o
f l
ig
ht
s 
cr
ea
te
d 
by
 th
e 
ki
ss
 p
la
ye
d 
ou
t o
n 
th
ei
r 
ow
n 
de
vi
ce
. O
nc
e.
 O
nl
y 
on
ce
. N
o 
st
or
in
g;
 n
o 
ar
ch
iv
in
g.
 
A 
ki
ss
 is
 e
ph
em
er
al
. 
An
 e
xp
er
ie
nc
e 
pr
ot
ot
yp
e 
to
ok
 t
he
 i
de
a 
be
yo
nd
 w
or
ds
 a
nd
 
st
ar
te
d 
to
 e
xp
lo
re
 t
he
 e
xp
er
ie
nc
e.
 W
ha
t 
do
es
 i
t 
fe
el
 l
ik
e 
to
 
bl
ow
 i
nt
o 
an
 i
na
ni
m
at
e 
pr
od
uc
t?
 D
oe
s 
th
is
 f
ee
lin
g 
ch
an
ge
 
if 
th
e 
pr
od
uc
t 
re
sp
on
ds
? 
Ca
n 
yo
u 
re
pr
es
en
t 
so
m
et
hi
ng
 a
s 
hu
m
an
 a
s 
a 
ki
ss
 in
 th
e 
be
ha
vi
or
 o
f 
lig
ht
s?
 C
an
 li
gh
t d
iff
us
in
g 
Li
ste
ni
ng
 P
os
t b
y 
Be
n 
Ru
bi
n 
an
d 
M
ar
k 
H
an
se
n.
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ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
th
ro
ug
h 
pl
as
tic
 f
ee
l 
pr
ec
io
us
 i
n 
th
e 
ha
nd
? 
To
 a
ns
w
er
 t
he
se
 
qu
es
tio
ns
, y
ou
 n
ee
d 
to
 e
xp
er
ie
nc
e 
th
e 
ex
pe
ri
en
ce
. R
ic
hn
es
s 
of
 
co
m
m
un
ic
at
io
n 
do
es
 n
ot
 d
ep
en
d 
on
 te
ch
ni
ca
l b
an
dw
id
th
; i
t i
s 
as
 m
uc
h 
qu
al
ita
tiv
e 
as
 q
ua
nt
ita
tiv
e,
 o
fte
n 
as
 m
uc
h 
ab
ou
t w
ha
t 
ea
ch
 p
ar
ty
 b
ri
ng
s 
in
 t
he
ir
 m
in
ds
 a
s 
ho
w
 m
uc
h 
is
 t
ra
ns
m
itt
ed
 
ov
er
 t
he
 n
et
w
or
k.
 H
ow
 m
uc
h 
da
ta
 i
s 
re
qu
ir
ed
 t
o 
de
fin
e 
a 
ki
ss
? 
H
ow
 m
uc
h 
in
fo
rm
at
io
n 
do
es
 i
t 
co
nt
ai
n?
 W
ha
t 
ca
n 
be
 
ex
pr
es
se
d?
Se
lf-
ex
pr
es
si
on
 i
nv
ol
ve
s 
ge
st
ur
es
 a
nd
 r
itu
al
s 
as
 w
el
l 
as
 
w
or
ds
 a
nd
 s
ou
nd
s,
 a
nd
 i
s 
re
le
va
nt
 t
o 
de
si
gn
 f
or
 d
is
ab
ili
ty
 
be
yo
nd
 
de
di
ca
te
d 
co
m
m
un
ic
at
io
n 
ai
ds
. 
Fo
r 
ex
am
pl
e 
an
y 
ha
nd
, e
ve
n 
a 
pr
os
th
et
ic
 h
an
d,
 is
 n
ot
 ju
st
 a
 to
ol
 to
 h
ol
d 
th
in
gs
 
in
, b
ut
 a
ls
o 
an
 in
st
ru
m
en
t o
f c
om
m
un
ic
at
io
n 
an
d 
ex
pr
es
si
on
. 
So
m
e 
am
pu
te
es
 h
av
e 
m
en
tio
ne
d 
th
ei
r 
em
ba
rr
as
sm
en
t 
w
he
n 
gi
vi
ng
 d
ir
ec
tio
ns
 i
n 
th
e 
st
re
et
 o
r 
w
av
in
g 
at
 a
 f
ri
en
d 
us
in
g 
a 
cl
en
ch
ed
 g
ri
p 
ra
th
er
 th
an
 a
 p
oi
nt
in
g 
fin
ge
r 
or
 a
n 
op
en
 p
al
m
. 
Ye
t 
te
xt
bo
ok
s 
on
 p
ro
st
he
tic
 h
an
ds
 o
fte
n 
re
st
ri
ct
 t
he
m
se
lv
es
 
to
 d
iff
er
en
t 
ty
pe
s 
of
 p
re
he
ns
io
n,
 t
he
 g
ra
sp
in
g 
or
 h
ol
di
ng
 o
f 
ob
je
ct
s.
 I
f 
on
ly
 t
o 
in
tr
od
uc
e 
a 
fr
es
h 
pe
rs
pe
ct
iv
e,
 i
t 
w
ou
ld
 b
e 
pr
ov
oc
at
iv
e 
to
 s
tr
ik
e 
a 
di
ff
er
en
t 
ba
la
nc
e 
be
tw
ee
n 
th
es
e 
ro
le
s,
 
pr
io
ri
tiz
in
g 
ex
pr
es
si
ve
 g
es
tu
re
s 
fo
r 
a 
ch
an
ge
.
th
e 
ae
st
he
tic
 p
le
as
ur
e 
of
 c
om
m
un
ic
at
io
n
Th
e 
ar
t 
an
d 
m
ed
ia
 r
es
ea
rc
h 
gr
ou
p 
Ur
tic
a1
4  
in
 S
er
bi
a 
ha
ve
 
br
id
ge
d 
ve
rb
al
 
an
d 
no
n-
ve
rb
al
 
co
m
m
un
ic
at
io
n.
 
Vi
ol
et
a 
Vo
jv
od
ic
 a
nd
 E
du
ar
d 
Ba
la
z 
ar
e 
fa
sc
in
at
ed
 b
y 
w
ha
t 
th
ey
 t
er
m
 
co
m
m
on
 l
in
gu
ist
ic 
kn
ow
led
ge
: 
ut
te
ra
nc
es
 c
om
m
on
 a
cr
os
s 
m
an
y 
la
ng
ua
ge
s 
th
at
 r
ep
re
se
nt
 s
tr
on
g 
fe
el
in
gs
 s
uc
h 
as
 s
ho
ck
, 
pa
in
 
or
 p
le
as
ur
e.
 T
he
se
 i
nc
lu
de
 a
ha
, 
bo
o, 
eek
, 
hu
rra
h,
 o
h,
 o
op
s, 
ow
, 
wo
w,
 y
uc
k.
 I
n 
th
ei
r 
Di
cti
on
ar
y 
of 
Pr
im
al 
Be
ha
vio
ur
 t
he
y 
re
pr
es
en
t 
38
 i
nt
er
je
ct
io
ns
 b
ot
h 
ph
on
et
ic
al
ly
 a
nd
 g
ra
ph
ic
al
ly
, 
as
 s
ou
nd
 
re
co
rd
in
gs
, 
ph
ot
og
ra
ph
s 
an
d 
vi
de
os
 o
f 
fa
ci
al
 e
xp
re
ss
io
ns
 a
nd
 
as
 g
ra
ph
ic
 i
co
ns
 a
bs
tr
ac
te
d 
fr
om
 t
he
se
. 
Th
ey
 a
re
 i
nt
er
es
te
d 
in
 t
he
 r
ed
un
da
nc
y 
of
 t
hi
s 
te
ch
ni
qu
e,
 a
nd
 i
ts
 p
ot
en
tia
l 
ro
le
 
to
 a
cc
om
m
od
at
e 
di
sa
bi
lit
y 
as
 w
el
l 
as
 c
ul
tu
ra
l 
an
d 
lin
gu
is
tic
 
In
te
rj
ec
tio
ns
 fr
om
 U
rt
ic
a’
s 
Di
cti
on
ar
y 
of 
Pr
im
al 
Be
ha
vio
ur
.
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ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
di
ff
er
en
ce
s 
be
tw
ee
n 
sp
ea
ke
r 
an
d 
lis
te
ne
r.
 
Bu
t t
he
y 
ar
e 
al
so
 in
tr
ig
ue
d 
by
 a
m
bi
gu
ity
 a
nd
 th
e 
ro
om
 le
ft 
fo
r 
in
te
rp
re
ta
tio
n.
 T
he
y 
ci
te
 F
re
nc
h 
in
fo
rm
at
io
n 
th
eo
re
tic
ia
n 
Ab
ra
ha
m
 M
ol
es
’ 
th
eo
ry
 t
ha
t 
ae
st
he
tic
 p
le
as
ur
e 
is
 d
et
er
m
in
ed
 
by
 th
e 
ba
la
nc
e 
of
 th
e 
or
ig
in
al
ity
 o
f t
he
 m
es
sa
ge
 a
nd
 th
e 
ab
ili
ty
 
of
 t
he
 r
ec
ip
ie
nt
 t
o 
un
de
rs
ta
nd
 i
t.1
5  
Cl
ea
rl
y 
in
to
na
tio
n 
pl
ay
s 
a 
ro
le
 o
n 
bo
th
 s
id
es
 o
f t
hi
s 
eq
ua
tio
n:
 it
 h
el
ps
 d
ec
ip
he
r 
m
ea
ni
ng
 
bu
t, 
as
 im
po
rt
an
tly
, i
t a
ff
or
ds
 m
or
e 
or
ig
in
al
ity
 o
f 
ex
pr
es
si
on
. 
At
 t
he
 m
om
en
t 
it 
se
em
s 
th
at
 A
AC
 i
s 
m
or
e 
co
nc
er
ne
d 
w
ith
 
un
de
rs
ta
nd
in
g 
th
an
 e
xp
re
ss
io
n.
Th
e 
Di
cti
on
ar
y 
of 
Pr
im
al 
Be
ha
vio
ur
 is
 d
es
cr
ib
ed
 a
s 
an
 a
rt
 p
ro
je
ct
 
an
d 
no
t 
on
ly
 i
s 
ae
st
he
tic
 p
le
as
ur
e 
a 
th
em
e 
of
 t
he
 r
es
ea
rc
h,
 i
t 
is
 a
ls
o 
m
an
ife
st
 in
 it
s 
pr
es
en
ta
tio
n.
 If
 th
is
 le
ve
l o
f d
es
ig
n 
w
er
e 
ro
ut
in
el
y 
br
ou
gh
t 
to
 A
AC
, 
de
vi
ce
s 
w
ou
ld
 b
e 
m
or
e 
sa
tis
fy
in
g 
to
 u
se
 b
ut
 a
ls
o 
se
nd
 o
ut
 m
or
e 
po
si
tiv
e 
si
gn
al
s a
bo
ut
 th
ei
r u
se
rs
 
to
 o
th
er
s.
 T
oo
 o
fte
n 
co
m
m
un
ic
at
io
n 
ai
ds
 d
es
ig
ne
d 
fo
r 
ad
ul
ts
 
lo
ok
 a
s 
th
ou
gh
 t
he
y 
ar
e 
in
te
nd
ed
 e
ith
er
 f
or
 y
ou
ng
 c
hi
ld
re
n 
or
 fo
r 
co
m
pu
te
r 
pr
og
ra
m
m
er
s,
 a
nd
 p
er
ha
ps
 e
ve
n 
de
si
gn
ed
 b
y 
yo
un
g 
ch
ild
re
n 
or
 c
om
pu
te
r 
pr
og
ra
m
m
er
s.
 In
 o
ur
 c
ul
tu
re
 w
e 
ta
ke
 f
or
 g
ra
nt
ed
 a
 v
is
ua
l 
so
ph
is
tic
at
io
n 
in
 m
os
t 
th
in
gs
, 
fr
om
 
ne
w
sp
ap
er
s 
to
 b
oo
k 
co
ve
rs
 t
o 
w
eb
si
te
s 
to
 p
ac
ka
gi
ng
. 
H
ow
 
m
uc
h 
m
or
e 
ap
pr
op
ri
at
e 
to
 fi
nd
 th
is
 in
 s
om
et
hi
ng
 a
s 
pr
of
ou
nd
 
as
 a
 c
om
m
un
ic
at
io
n 
ai
d?
  
Ta
ng
o!
Ri
ch
ar
d 
El
le
ns
on
 
is
 
an
 
ad
ve
rt
is
in
g 
ex
ec
ut
iv
e 
w
ho
se
 
so
n,
 
Th
om
as
, 
ha
s 
ce
re
br
al
 p
al
sy
. 
W
he
n 
El
le
ns
on
 f
ou
nd
ed
 t
he
 
co
m
pa
ny
 B
lin
k 
Tw
ic
e1
6  
to
 c
re
at
e 
a 
pr
od
uc
t 
to
 h
el
p 
yo
un
g 
ch
ild
re
n 
to
 
co
m
m
un
ic
at
e,
 
he
 
di
d 
no
t 
at
te
m
pt
 
to
 
de
si
gn
 
ev
er
yt
hi
ng
 h
im
se
lf 
or
 e
ve
n 
to
 b
ui
ld
 a
 c
om
pa
ny
 t
ha
t 
w
ou
ld
 
de
si
gn
 
ev
er
yt
hi
ng
 
its
el
f. 
H
e 
ap
pr
oa
ch
ed
 
it 
as
 
he
 
m
ig
ht
 
ha
ve
 a
ny
 m
aj
or
 c
am
pa
ig
n:
 b
y 
se
ek
in
g 
ou
t 
a 
di
ve
rs
e 
ca
st
 o
f 
w
or
ld
-c
la
ss
 s
pe
ci
al
is
ts
 t
o 
ea
ch
 b
ri
ng
 w
ha
t 
th
ey
 d
id
 b
es
t. 
So
 
he
 e
ng
ag
ed
 n
ot
 o
nl
y 
th
e 
sp
ee
ch
 l
an
gu
ag
e 
pr
of
es
si
on
al
s 
Pa
ti 
Ki
ng
-D
eB
au
n,
 
Pa
tr
ic
k 
Br
un
e 
an
d 
Be
th
 
D
in
ne
en
, 
bu
t 
al
so
 
Ri
ch
ar
d 
an
d 
Th
om
as
 E
lle
ns
on
 w
ith
 T
an
go
!
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1
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
co
m
pa
ni
es
 
w
ith
 
no
 
pr
io
r 
in
vo
lv
em
en
t 
in
 
AA
C:
 
pr
od
uc
t 
de
si
gn
 g
ro
up
s 
Sm
ar
t 
D
es
ig
n 
an
d 
fr
og
 d
es
ig
n,
 w
ho
 b
ro
ug
ht
 
th
e 
sa
m
e 
se
ns
ib
ili
tie
s 
as
 t
he
y 
w
ou
ld
 t
o 
a 
pr
od
uc
t 
fo
r 
ab
le
-
bo
di
ed
 
ki
ds
, 
w
hi
ls
t 
el
ec
tr
on
ic
s 
m
an
uf
ac
tu
ri
ng
 
co
m
pa
ny
 
Fl
ex
tr
on
ic
s 
br
ou
gh
t 
co
ns
um
er
-m
ar
ke
t 
te
ch
no
lo
gy
 a
nd
 b
ui
ld
 
qu
al
ity
. 
El
le
ns
on
 e
ve
n 
in
vo
lv
ed
 t
he
 k
id
s’
 t
el
ev
is
io
n 
ne
tw
or
k 
N
ic
ke
lo
de
on
, 
to
 d
ev
el
op
 c
ar
to
on
 c
ha
ra
ct
er
s 
an
d 
vo
ic
es
 f
or
 
th
e 
in
te
rf
ac
e,
 w
he
re
as
 t
he
 g
ra
ph
ic
al
 u
se
r 
in
te
rf
ac
es
 o
n 
m
os
t 
AA
C 
de
vi
ce
s 
ha
ve
 n
ev
er
 e
ve
n 
in
vo
lv
ed
 a
 g
ra
ph
ic
 d
es
ig
ne
r.
 
“T
he
 s
en
si
bi
lit
y 
th
at
 h
as
 i
nf
ilt
ra
te
d 
th
e 
to
ot
hb
ru
sh
 s
ec
tio
n 
of
 T
ar
ge
t 
ha
s 
no
t 
ye
t 
re
ac
he
d 
as
si
st
iv
e 
te
ch
no
lo
gy
 a
nd
 t
he
re
 
is
 n
o 
w
or
ld
 w
he
re
 f
ir
st
 i
m
pr
es
si
on
s 
ar
e 
m
or
e 
im
po
rt
an
t”
 
sa
ys
 E
lle
ns
on
.17
 W
ha
te
ve
r 
ou
r 
op
in
io
ns
 o
f 
th
e 
ex
ce
ss
es
 o
f 
to
ot
hb
ru
sh
 m
ar
ke
tin
g,
 t
hi
s 
is
 a
n 
in
co
nt
ro
ve
rt
ib
le
 y
et
 c
hi
lli
ng
 
ob
se
rv
at
io
n.
Ta
ng
o!,
 t
he
 r
es
ul
tin
g 
pr
od
uc
t, 
ha
s 
be
en
 c
om
pa
re
d 
to
 a
n 
ov
er
gr
ow
n 
So
ny
 P
SP
 (
Pl
ay
St
at
ion
 P
or
ta
ble
),
 a
n 
ap
pr
op
ri
at
e 
an
d 
po
si
tiv
e 
as
so
ci
at
io
n 
gi
ve
n 
its
 t
ar
ge
t 
m
ar
ke
t 
an
d 
th
ei
r 
pe
er
 
gr
ou
p.
 T
hi
s 
at
te
nt
io
n 
to
 a
es
th
et
ic
s 
is
 n
ot
 j
us
t 
ap
pl
ie
d 
to
 t
he
 
su
rf
ac
e,
 b
ut
 fr
om
 th
e 
in
si
de
 o
ut
, f
ro
m
 th
e 
fu
nd
am
en
ta
ls
 o
f t
he
 
us
er
 in
te
rf
ac
e 
its
el
f. 
Ev
en
 th
e 
ch
oi
ce
 o
f v
oi
ce
 q
ua
lit
ie
s 
is
 tu
ne
d 
to
 a
 c
hi
ld
’s
 n
ee
d 
to
 e
xp
re
ss
 t
he
m
se
lv
es
 i
n 
pa
rt
ic
ul
ar
 w
ay
s,
 
be
tw
ee
n 
sp
ea
ki
ng
, 
ye
lli
ng
, 
w
hi
sp
er
in
g 
an
d 
w
hi
ni
ng
. 
Ta
ng
o! 
ha
s 
se
t a
 n
ew
 s
ta
nd
ar
d 
no
t j
us
t i
n 
AA
C 
or
 a
ss
is
tiv
e 
te
ch
no
lo
gy
 
bu
t i
n 
de
si
gn
 fo
r 
di
sa
bi
lit
y 
in
 g
en
er
al
.
yo
u 
ca
nn
ot
 n
ot
 c
om
m
un
ic
at
e
“Y
ou
 c
an
no
t n
ot
 c
om
m
un
ic
at
e”
 is
 a
 m
uc
h-
re
pe
at
ed
 st
at
em
en
t 
at
tr
ib
ut
ed
 t
o 
Er
ik
 S
pi
ek
er
m
an
n,
 f
ou
nd
er
 o
f 
gr
ap
hi
c 
de
si
gn
 
gr
ou
p 
M
et
aD
es
ig
n.
 W
he
th
er
 o
r 
no
t 
gr
ap
hi
cs
 a
re
 c
on
sc
io
us
ly
 
de
si
gn
ed
, 
th
ey
 w
ill
 i
ne
vi
ta
bl
y 
ex
pr
es
s 
st
ro
ng
 m
es
sa
ge
s 
to
 
di
ff
er
en
t 
pe
op
le
, 
po
si
tiv
e 
or
 n
eg
at
iv
e.
 T
he
re
 is
 n
o 
su
ch
 t
hi
ng
 
as
 a
 c
ul
tu
ra
lly
 n
eu
tra
l d
es
ig
n 
la
ng
ua
ge
, a
nd
 th
is
 a
pp
lie
s 
eq
ua
lly
 
to
 o
th
er
 m
od
es
 o
f c
om
m
un
ic
at
io
n:
 a
 la
ck
 o
f i
nt
on
at
io
n 
sp
ea
ks
 
vo
lu
m
es
.
So
m
iy
a 
w
ea
ri
ng
 th
e 
ba
dg
e 
sh
e 
de
si
gn
ed
 w
ith
 Jo
ha
nn
a 
Va
n 
D
aa
le
n.
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3
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
Co
m
m
un
ic
at
io
n 
ai
ds
 a
re
 n
ot
 a
 n
eu
tr
al
 t
ec
hn
ol
og
y 
or
 a
 
tr
an
sp
ar
en
t 
m
ed
iu
m
. 
Al
on
gs
id
e 
th
e 
m
es
sa
ge
s 
th
ey
 t
ra
ns
m
it,
 
th
ey
 
in
ev
ita
bl
y 
se
nd
 
ou
t 
ot
he
r 
si
gn
al
s 
th
em
se
lv
es
. 
Th
ei
r 
ph
ys
ic
al
 d
es
ig
n,
 t
he
ir
 i
nt
er
ac
tio
ns
, 
th
ei
r 
vo
ic
e 
qu
al
iti
es
 a
nd
 
th
ei
r 
in
to
na
tio
n 
or
 la
ck
 o
f 
it 
al
l c
om
m
un
ic
at
e 
so
m
et
hi
ng
 to
o.
 
H
ow
 i
m
po
rt
an
t 
fo
r 
th
es
e 
si
gn
al
s 
to
 h
av
e 
be
en
 c
on
si
de
re
d 
as
 p
ar
t 
of
 t
he
 d
es
ig
n 
pr
oc
es
s 
an
d 
fo
r 
th
e 
pe
rs
on
 u
si
ng
 t
he
 
de
vi
ce
 to
 b
e 
su
pp
or
te
d 
by
 th
es
e 
la
ye
rs
 o
f c
om
m
un
ic
at
io
n,
 n
ot
 
un
de
rm
in
ed
 b
y 
th
em
.
So
m
iy
a 
ha
s 
th
e 
la
st
 w
or
d
D
es
ig
n 
fo
r 
co
m
m
un
ic
at
io
n 
ca
n 
be
 b
ot
h 
si
m
pl
e 
an
d 
pr
of
ou
nd
.
So
m
iy
a 
us
es
 a
 d
ia
lo
gu
e 
bo
ok
 i
n 
or
de
r 
to
 c
om
m
un
ic
at
e 
w
ith
 o
th
er
 p
eo
pl
e,
 i
n 
w
hi
ch
 s
he
 p
oi
nt
s 
to
 w
or
ds
 o
r 
im
ag
es
. 
Th
is
 is
 v
er
sa
til
e,
 b
ut
 c
an
 b
e 
la
bo
ri
ou
s.
 W
he
n 
So
m
iy
a 
w
as
 s
til
l 
at
 s
ch
oo
l, 
Jo
ha
nn
a 
Va
n 
D
aa
le
n 
fr
om
 d
es
ig
n 
gr
ou
p 
El
ec
tr
ic
w
ig
 
w
or
ke
d 
w
ith
 h
er
 to
 h
el
p 
he
r 
to
 e
xp
re
ss
 h
er
se
lf 
m
or
e 
fu
lly
. I
n 
pa
rt
ic
ul
ar
, 
So
m
iy
a 
w
an
te
d 
th
e 
fr
ee
do
m
 t
o 
ex
pr
es
s 
fr
us
tr
at
io
n 
m
or
e 
sp
on
ta
ne
ou
sl
y,
 s
o 
to
ge
th
er
 t
he
y 
de
si
gn
ed
 a
 b
ad
ge
 t
ha
t 
sh
e 
co
ul
d 
ac
tiv
at
e 
us
in
g 
a 
sw
itc
h 
ne
xt
 to
 h
er
 h
ea
d,
 w
he
ne
ve
r 
sh
e 
w
an
te
d 
to
.
W
he
n 
sh
e 
do
es
 t
hi
s,
 t
he
 b
ad
ge
 l
ig
ht
s 
up
 w
ith
 t
he
 w
or
ds
 
So
m
iy
a 
sa
ys
 “
SO
D 
OF
F”
.
Th
is
 m
es
sa
ge
 is
 w
on
de
rf
ul
ly
 d
ir
ec
t a
nd
 d
is
ar
m
in
g,
 a
nd
 y
et
 
th
e 
ba
dg
e 
ex
pr
es
se
s 
so
 m
uc
h 
m
or
e 
be
si
de
s 
th
is
 i
nf
or
m
at
io
n.
 
It 
al
so
 c
om
m
un
ic
at
es
 th
at
 s
he
 is
 t
he
 k
in
d 
of
 p
er
so
n 
w
ho
 w
ill
 
us
e 
th
is
 la
ng
ua
ge
; t
ha
t s
he
 is
 th
e 
ki
nd
 o
f p
er
so
n 
to
 w
ho
m
 th
is
 
is
 im
po
rt
an
t e
no
ug
h 
to
 d
ed
ic
at
e 
a 
bu
tto
n 
to
; t
ha
t s
he
 d
oe
sn
’t 
m
in
d 
w
ho
 k
no
w
s 
th
is
. P
er
ha
ps
 it
 s
ee
m
s 
in
ef
fic
ie
nt
 to
 p
ro
du
ce
 
su
ch
 a
 l
im
ite
d 
co
m
m
un
ic
at
io
n 
de
vi
ce
, 
on
e 
th
at
 c
an
 o
nl
y 
be
 
us
ed
 f
or
 o
ne
 s
en
te
nc
e.
 B
ut
 t
hi
s 
is
 t
o 
ig
no
re
 i
ts
 o
th
er
 r
ol
e:
 
th
e 
sh
or
t-
te
rm
 u
tte
ra
nc
e 
is
 a
ls
o 
a 
lo
ng
-t
er
m
 b
ad
ge
 -
 a
 l
ab
el
 
of
 S
om
iy
a’
s 
ow
n 
de
vi
si
ng
, 
to
 e
xp
re
ss
 h
er
 i
nd
iv
id
ua
lit
y 
an
d 
he
r 
id
en
tit
y,
 r
at
he
r 
th
an
 a
ny
 s
te
re
ot
yp
e 
as
so
ci
at
ed
 w
ith
 h
er
 
im
pa
ir
m
en
t.
W
he
n 
So
m
iy
a 
us
es
 h
er
 b
ad
ge
.
269
de
si
gn
 m
ee
ts
 d
is
ab
ili
ty
19
4
19
5
ex
pr
es
si
on
 m
ee
ts
 in
fo
rm
at
io
n
di
sa
bi
lit
y,
 a
nd
 w
he
n 
th
ey
 a
re
 it
 is
 u
su
al
ly
 a
s 
an
 a
fte
rt
ho
ug
ht
, a
 
fin
al
 c
os
m
et
ic
 tr
ea
tm
en
t o
f a
n 
al
re
ad
y 
re
so
lv
ed
 a
nd
 a
cc
ep
ta
bl
e 
de
si
gn
. 
Bu
t 
it 
is
 i
m
po
ss
ib
le
 t
o 
di
se
nt
an
gl
e 
ou
r 
se
ns
es
 f
ro
m
 
ou
r 
ov
er
al
l e
xp
er
ie
nc
e 
of
 a
 d
es
ig
n,
 th
e 
vi
si
bl
e 
fr
om
 o
ur
 s
oc
ia
l 
se
ns
iti
vi
tie
s,
 t
he
 t
ac
til
e 
fr
om
 o
ur
 e
m
ot
io
na
l 
re
sp
on
se
. 
O
ur
 
in
te
ra
ct
io
n 
w
ith
 a
ny
 p
ro
du
ct
 is
 a
 c
om
pl
ex
 w
eb
 o
f s
en
so
ry
 a
nd
 
co
nt
ex
tu
al
 in
te
ra
ct
io
ns
 w
hi
ch
 is
 w
hy
 p
ro
du
ct
s 
w
ith
 th
e 
sa
m
e 
fu
nc
tio
na
lit
y 
ca
n 
su
cc
ee
d 
or
 f
ai
l f
or
 o
th
er
 r
ea
so
ns
 e
nt
ir
el
y.
 In
 
de
si
gn
 f
or
 d
is
ab
ili
ty
 t
hi
s 
m
ay
 b
e 
no
t 
ju
st
 a
n 
is
su
e 
of
 m
ar
ke
t 
sh
ar
e,
 b
ut
 o
f o
ut
ri
gh
t r
ej
ec
tio
n 
of
 a
n 
as
si
st
iv
e 
te
ch
no
lo
gy
.
In
 A
AC
, 
ae
st
he
tic
s 
is
 n
ot
 l
im
ite
d 
to
 t
he
 v
is
ua
l 
an
d 
ta
ct
ile
, 
bu
t 
en
co
m
pa
ss
es
 t
he
 a
ud
ib
le
 a
nd
 o
th
er
 t
im
e-
ba
se
d 
qu
al
iti
es
. 
Th
e 
re
si
st
an
ce
 a
nd
 y
ie
ld
in
g 
of
 a
 b
ut
to
n,
 t
he
 r
es
po
ns
iv
en
es
s 
of
 a
n 
au
di
to
ry
 c
on
tr
ol
, 
th
e 
ch
or
eo
gr
ap
hy
 o
f 
an
 a
ni
m
at
io
n.
 
Co
ns
id
er
at
io
n 
of
 a
es
th
et
ic
s 
sh
ou
ld
 e
xt
en
d 
fr
om
 t
he
 p
hy
si
ca
l 
de
si
gn
 
to
 
th
e 
in
te
ra
ct
io
n 
de
si
gn
. 
O
r 
ra
th
er
 
it 
sh
ou
ld
 
ex
pa
nd
 f
ro
m
 t
he
 h
ea
rt
 o
f 
th
e 
pr
od
uc
t 
ou
tw
ar
ds
: 
fr
om
 t
he
 
ex
pr
es
si
ve
ne
ss
 a
ff
or
de
d 
by
 th
e 
in
te
ra
ct
io
n 
to
 th
e 
vo
ic
e 
qu
al
ity
 
an
d 
th
e 
in
du
st
ri
al
 d
es
ig
n,
 th
e 
ph
ys
ic
al
 m
an
ife
st
at
io
ns
 o
f t
he
se
 
in
ne
r 
qu
al
iti
es
. E
ac
h 
se
nd
s 
ou
t i
ts
 o
w
n 
m
es
sa
ge
s.
In
te
ra
ct
io
n 
de
si
gn
er
s 
an
d 
in
du
st
ri
al
 
de
si
gn
er
s,
 
gr
ap
hi
c 
de
si
gn
er
s 
an
d 
so
un
d 
de
si
gn
er
s,
 e
ve
n 
fa
sh
io
n 
de
si
gn
er
s 
an
d 
fu
rn
itu
re
 d
es
ig
ne
rs
, c
ou
ld
 c
on
tr
ib
ut
e 
so
 m
uc
h 
to
 A
AC
 a
nd
 to
 
de
si
gn
 fo
r 
di
sa
bi
lit
y 
in
 g
en
er
al
. T
he
re
 is
 a
 p
la
ce
 h
er
e 
fo
r 
m
an
y 
of
 t
he
 v
al
ue
s 
of
 a
rt
 s
ch
oo
l 
de
si
gn
: 
ex
pl
or
in
g 
an
d 
fe
el
in
g,
 
si
m
pl
ic
ity
 a
nd
 p
ro
vo
ca
tio
n,
 id
en
tit
y 
an
d 
ex
pr
es
si
on
.
Th
is
 s
m
al
l 
pr
oj
ec
t 
w
as
 p
ar
t 
of
 a
n 
in
iti
at
iv
e 
ca
lle
d 
De
sig
ni
ng
 
for
 a
cc
ess
 
ru
n 
by
 
Cr
af
ts
pa
ce
.18
 
Fo
r 
th
ei
r 
di
re
ct
or
, 
D
ei
rd
re
 
Fi
gu
ei
re
do
, 
in
vo
lv
in
g 
in
di
vi
du
al
 
de
si
gn
er
s 
an
d 
di
sa
bl
ed
 
in
di
vi
du
al
s i
s a
bo
ut
 se
tti
ng
 u
p 
cr
ea
tiv
e 
pa
rt
ne
rs
hi
p.
 T
he
 d
es
ig
n 
is
 d
on
e 
to
ge
th
er
: 
no
t 
by
 t
he
 d
es
ig
ne
r 
fo
r 
th
e 
in
di
vi
du
al
, 
bu
t 
ne
ith
er
 b
y 
th
e 
in
di
vi
du
al
 u
si
ng
 t
he
 d
es
ig
ne
r 
ju
st
 a
s 
a 
fa
ci
lit
at
or
. 
It 
em
er
ge
s 
fr
om
 a
 d
ia
lo
gu
e 
an
d 
a 
re
la
tio
ns
hi
p.
 I
n 
th
e 
ar
ea
 o
f 
pe
rs
on
al
 c
om
m
un
ic
at
io
n 
es
pe
ci
al
ly
, 
th
er
e 
is
 t
he
 
ch
al
le
ng
e 
of
 h
ow
 d
es
ig
n 
its
el
f c
ha
ng
es
 if
 it
s 
go
al
 is
 to
 s
up
po
rt
 
se
lf-
ex
pr
es
si
on
. 
H
ow
 d
oe
s 
th
e 
de
si
gn
er
 l
ea
rn
 t
o 
le
t 
go
 a
nd
 
su
bs
eq
ue
nt
ly
 s
ha
re
 a
ut
ho
rs
hi
p 
w
ith
 th
e 
us
er
? 
Fo
r 
Fi
gu
ei
re
do
, 
th
er
e 
is
 a
ls
o 
an
 a
ge
nd
a 
th
at
 f
ac
es
 b
ac
k 
to
w
ar
ds
 t
he
 d
es
ig
n 
co
m
m
un
ity
 
be
ca
us
e 
“d
is
ab
ili
ty
 
co
nt
ri
bu
te
s 
to
 
th
e 
w
id
er
 
de
ve
lo
pm
en
t o
f c
ra
fts
 a
nd
 d
es
ig
n 
pr
ac
tic
es
.”
So
 w
ha
t 
w
as
 t
he
 r
ol
e 
of
 t
he
 d
es
ig
ne
r 
in
 t
hi
s 
pa
rt
ic
ul
ar
 
ex
er
ci
se
 i
n 
se
lf-
ex
pr
es
si
on
? 
To
 r
ea
liz
e 
th
e 
de
ta
ile
d 
vi
su
al
 
de
si
gn
, 
ce
rt
ai
nl
y.
 T
he
 c
ol
or
s 
an
d 
ty
po
gr
ap
hi
c 
si
m
pl
ic
ity
 a
re
 
in
 t
un
e 
w
ith
 t
he
 d
ir
ec
tn
es
s 
of
 t
he
 m
es
sa
ge
, 
ye
t 
its
 v
is
ua
l 
in
no
ce
nc
e 
is
 p
la
yf
ul
ly
 a
t 
od
ds
 w
ith
 t
he
 w
or
di
ng
. 
Th
is
 i
s 
a 
m
or
e 
ef
fe
ct
iv
e 
ba
dg
e 
fo
r 
be
in
g 
ni
ce
ly
 d
es
ig
ne
d,
 b
ut
 d
es
ig
n 
ha
s 
pl
ay
ed
 i
ts
 p
ar
t 
in
 t
he
 v
er
y 
co
nc
ep
tio
n 
of
 t
hi
s 
pi
ec
e.
 I
t 
m
an
ag
es
 t
o 
be
 b
ot
h 
re
st
ra
in
ed
 a
nd
 p
ro
vo
ca
tiv
e.
 T
he
se
 a
re
 
de
si
gn
 s
en
si
bi
lit
ie
s 
at
 w
or
k.
ae
st
he
tic
s 
in
 th
e 
br
oa
de
st
 s
en
se
It 
is
 o
ne
 th
in
g 
to
 d
es
ig
n 
a 
ch
ai
r 
fo
r 
so
m
eo
ne
, q
ui
te
 a
no
th
er
 to
 
he
lp
 t
he
m
 t
o 
fin
d 
th
ei
r 
vo
ic
e.
 A
ny
 c
om
m
un
ic
at
io
n 
ai
d 
pl
ay
s 
an
 e
ve
n 
m
or
e 
pr
of
ou
nd
 r
ol
e 
in
 t
he
 li
fe
 o
f 
its
 o
w
ne
r 
th
an
 t
he
 
w
he
el
ch
ai
rs
 a
nd
 h
ea
ri
ng
 a
id
s 
pr
ev
io
us
ly
 d
is
cu
ss
ed
: 
it 
no
t 
on
ly
 i
nf
lu
en
ce
s 
th
ei
r 
id
en
tit
y,
 b
ut
 h
ow
 t
he
y 
co
nv
er
se
 w
ith
 
ot
he
rs
 a
nd
 t
hi
s 
co
m
es
 c
lo
se
r 
to
 t
he
ir
 v
er
y 
pe
rs
on
al
ity
. I
n 
th
e 
ca
se
 o
f 
co
m
m
un
ic
at
io
n 
ai
ds
, 
th
e 
ro
le
 o
f 
de
si
gn
 i
s 
ev
en
 m
or
e 
m
ar
gi
na
liz
ed
: 
su
re
ly
 t
he
se
 a
re
 l
in
gu
is
tic
 p
ro
st
he
se
s 
af
te
r 
al
l, 
no
t c
os
m
et
ic
 p
ro
du
ct
s?
 
Ae
st
he
tic
 q
ua
lit
ie
s 
ar
e 
no
t u
su
al
ly
 c
on
si
de
re
d 
in
 d
es
ig
n 
fo
r 
270
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
M
ar
ce
l B
re
ue
r,
 th
e 
Ve
te
ra
ns
 A
ss
oc
ia
tio
n,
 A
zu
m
i, 
Ja
sp
er
 M
or
ri
so
n 
D
av
id
 C
on
st
an
tin
e,
 S
he
lle
y 
Fo
x,
 L
i E
de
lk
oo
rt
, B
od
o 
Sp
er
le
in
Ba
th
 ch
ai
rs 
& 
Go
ut
y 
ch
ai
rs,
 ch
ai
rs 
& 
wh
eel
ch
ai
rs 
in
sp
ire
d 
by
 b
icy
cle
s, 
ch
ai
rs 
for
 M
ila
n,
 
ch
ai
rs 
fro
m
 Ja
pa
n 
& 
wh
eel
ch
ai
rs 
in
 C
am
bo
di
a,
 B
lin
d 
De
sig
n 
& 
Br
ai
lle
 fo
r t
he
 si
gh
ted
271
so
lv
in
g
D
is
ab
ili
ty
 
ca
n 
le
ad
 
to
 
pr
ob
le
m
s 
in
 
pe
op
le
’s
 
liv
es
, 
ei
th
er
 
di
re
ct
ly
 o
r 
in
di
re
ct
ly
. 
Th
es
e 
pr
ob
le
m
s 
ar
e 
ei
th
er
 v
ie
w
ed
 a
s 
be
in
g 
in
he
re
nt
 in
 a
n 
im
pa
ir
m
en
t i
ts
el
f, 
or
 a
s 
be
in
g 
cr
ea
te
d 
by
 
th
e 
de
si
gn
ed
 e
nv
ir
on
m
en
t 
an
d 
by
 o
th
er
 p
eo
pl
e’
s 
be
ha
vi
or
s.
 
Th
e 
re
sp
ec
tiv
e 
te
rm
s 
pe
op
le
 w
ith
 d
is
ab
ili
tie
s 
an
d 
di
sa
bl
ed
 
pe
op
le
 (
pe
op
le
 d
is
ab
le
d 
by
 t
he
 s
oc
ie
ty
 t
he
y 
liv
e 
w
ith
in
) 
em
ph
as
iz
e 
ea
ch
 o
f 
th
es
e 
pe
rs
pe
ct
iv
es
. 
Ei
th
er
 w
ay
, 
ex
cl
us
io
n 
an
d 
di
sc
ri
m
in
at
io
n 
re
m
ai
n 
se
ri
ou
s 
pr
ob
le
m
s 
at
 a
n 
in
di
vi
du
al
 
an
d 
so
ci
al
 s
ca
le
.
Th
e 
ed
uc
at
io
na
l 
ba
ck
gr
ou
nd
 o
f 
m
ed
ic
al
 e
ng
in
ee
rs
 a
ttu
ne
s 
th
em
 
to
 
pr
ob
le
m
s.
 
A 
ty
pi
ca
l 
en
gi
ne
er
in
g 
m
et
ho
do
lo
gy
 
m
ig
ht
 s
ta
rt
 w
ith
 S
te
p 
1:
 p
ro
bl
em
 d
ef
in
iti
on
, 
fo
llo
w
ed
 b
y 
St
ep
 
2:
 
so
lu
tio
n 
ge
ne
ra
tio
n,
 
an
d 
so
 
on
. 
So
m
e 
th
eo
ri
st
s 
ev
en
 t
ry
 t
o 
de
fin
e 
de
si
gn
 i
n 
its
 b
ro
ad
es
t 
se
ns
e 
as
 p
ro
bl
em
 
so
lv
in
g.
 B
ec
au
se
 o
f 
th
e 
na
tu
re
 o
f 
di
sa
bi
lit
y 
an
d 
th
e 
cu
ltu
re
 
of
 e
ng
in
ee
ri
ng
, 
de
si
gn
 f
or
 d
is
ab
ili
ty
 a
nd
 i
nc
lu
si
ve
 d
es
ig
n 
ar
e 
us
ua
lly
 a
pp
ro
ac
he
d 
as
 a
n 
ex
er
ci
se
 i
n 
pr
ob
le
m
 s
ol
vi
ng
, 
as
 c
an
 
be
 s
ee
n 
fr
om
 r
es
pe
ct
ed
 b
oo
ks
 o
n 
th
e 
su
bj
ec
t. 
Th
is
 a
ls
o 
ha
s 
so
m
et
hi
ng
 in
 c
om
m
on
 w
ith
 th
e 
cl
in
ic
al
 tr
ad
iti
on
 o
f d
ia
gn
os
is
 
an
d 
tr
ea
tm
en
t.
Bu
t 
w
ha
t 
if 
so
m
e 
of
 t
he
 c
ha
lle
ng
es
 f
ac
in
g 
de
si
gn
 f
or
 
di
sa
bi
lit
y 
w
er
e 
no
t 
be
st
 d
es
cr
ib
ed
 a
s 
pr
ob
le
m
s 
to
 b
e 
so
lv
ed
? 
An
d 
ar
e 
is
su
es
 n
ot
 e
as
ily
 d
ef
in
ed
 a
s 
pr
ob
le
m
s 
lik
el
y 
to
 b
e 
ov
er
lo
ok
ed
? 
M
ig
ht
 v
al
ua
bl
e 
ne
w
 d
ir
ec
tio
ns
 e
m
er
ge
 o
nl
y 
by
 
ad
op
tin
g 
qu
ite
 d
iff
er
en
t a
pp
ro
ac
he
s?
ex
pl
or
in
g
N
ot
 a
ll 
de
si
gn
 i
s 
ab
ou
t 
so
lv
in
g 
pr
ob
le
m
s.
 D
es
ig
ne
rs
 m
ay
 
re
vi
si
t a
n 
ob
je
ct
, a
 m
at
er
ia
l o
r 
a 
m
ed
iu
m
 th
at
 h
as
 a
lr
ea
dy
 b
ee
n 
su
cc
es
sf
ul
ly
 d
es
ig
ne
d,
 d
es
ig
ne
d 
w
ith
 o
r 
de
si
gn
ed
 w
ith
in
, 
m
an
y 
tim
es
 b
ef
or
e,
 i
n 
w
hi
ch
 c
as
e 
th
e 
va
lu
e 
do
es
 n
ot
 l
ie
 i
n 
so
lv
in
g 
an
 u
ns
ol
ve
d 
pr
ob
le
m
. 
M
an
y 
ar
t 
sc
ho
ol
 d
is
ci
pl
in
es
 
in
vo
lv
e 
ex
pl
or
at
io
n 
th
at
 c
an
 a
pp
ea
r 
pl
ay
fu
l a
nd
 o
pe
n-
en
de
d,
 
bu
t i
ts
 in
te
nt
 m
ay
 b
e 
no
 le
ss
 s
er
io
us
 fo
r 
th
is
.
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
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Ch
ai
rs
 d
es
ig
ne
d 
by
 a
 d
iv
er
si
ty
 o
f i
nt
er
na
tio
na
l d
es
ig
ne
rs
 fo
r 
th
e 
ne
xt
m
ar
un
i c
ol
le
ct
io
n.
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ex
pl
or
in
g 
m
ee
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 s
ol
vi
ng
D
es
ig
n 
ex
pl
or
at
io
n 
m
ay
 s
til
l r
eq
ui
re
 s
ol
vi
ng
 p
ro
bl
em
s 
th
at
 
ar
is
e 
al
on
g 
th
e 
w
ay
, b
ut
 o
fte
n 
as
 a
 m
ea
ns
 to
 a
n 
en
d 
ra
th
er
 th
an
 
as
 a
n 
en
d 
in
 it
se
lf.
 T
hi
s 
is
 a
 s
ub
tle
 b
ut
 f
un
da
m
en
ta
l i
nv
er
si
on
 
of
 e
ng
in
ee
ri
ng
 m
et
ho
do
lo
gi
es
 t
ha
t 
w
ill
 u
su
al
ly
 i
nc
lu
de
 a
 
cr
ea
tiv
e 
ex
pl
or
at
io
n 
of
 a
lte
rn
at
iv
es
, b
ut
 a
s 
a 
m
ea
ns
 to
 th
e 
en
d 
of
 s
ol
vi
ng
 th
e 
co
re
 p
ro
bl
em
. 
Be
yo
nd
 a
n 
in
di
vi
du
al
 p
ro
je
ct
 o
r 
th
e 
w
or
k 
of
 a
n 
in
di
vi
du
al
 
de
si
gn
er
, 
de
si
gn
 a
s 
a 
di
sc
ip
lin
e 
an
d 
as
 a
 c
ul
tu
re
 a
dv
an
ce
s 
th
ro
ug
h 
de
si
gn
er
s 
re
sp
on
di
ng
 t
o 
or
 r
ea
ct
in
g 
ag
ai
ns
t 
ea
ch
 
ot
he
r’
s 
ex
pe
ri
m
en
ts
. 
D
es
ig
ne
rs
 
le
ar
n 
as
 
m
uc
h 
by
 
be
in
g 
in
sp
ir
ed
 a
s 
fr
om
 b
ei
ng
 in
fo
rm
ed
.
te
ns
io
n
D
es
ig
ne
rs
’ 
ob
se
ss
io
n 
w
ith
 e
nd
le
ss
ly
 e
xp
lo
ri
ng
 d
et
ai
ls
, 
de
ta
ils
 
th
at
 t
he
 p
ub
lic
 m
ay
 n
ot
 e
ve
n 
co
ns
ci
ou
sl
y 
no
tic
e,
 c
an
 le
ad
 t
o 
ac
cu
sa
tio
ns
 o
f 
se
lf-
in
du
lg
en
ce
, 
of
 d
es
ig
ni
ng
 f
or
 t
he
m
se
lv
es
 
an
d 
no
t 
fo
r 
ot
he
rs
. 
In
 t
he
 f
ie
ld
 o
f 
di
sa
bi
lit
y,
 w
he
re
 s
o 
m
an
y 
re
al
 y
et
 s
ol
ub
le
 p
ro
bl
em
s 
ar
e 
st
ill
 u
ns
ol
ve
d,
 h
ow
 c
ou
ld
 m
or
e 
op
en
-e
nd
ed
 e
xp
lo
ra
tio
n 
ev
er
 b
e 
ju
st
ifi
ed
 w
ith
in
 t
he
 l
im
ite
d 
re
so
ur
ce
s 
av
ai
la
bl
e?
Ag
ai
n,
 
ou
r 
la
ng
ua
ge
 
ca
n 
sk
ew
 
th
e 
de
ba
te
. 
D
es
cr
ib
in
g 
de
si
gn
 a
s 
pr
ob
le
m
 s
ol
vi
ng
 im
pl
ie
s 
a 
ta
ct
ic
al
 a
ct
iv
ity
, a
lb
ei
t a
n 
im
po
rt
an
t o
ne
, w
he
re
as
 b
ro
ad
er
 d
ef
in
iti
on
s 
ca
n 
re
co
gn
iz
e 
an
 
in
ve
st
m
en
t 
m
or
e 
ak
in
 t
o 
te
ch
ni
ca
l 
or
 c
lin
ic
al
 r
es
ea
rc
h.
 L
at
er
 
ch
ap
te
rs
 w
ill
 c
on
si
de
r 
de
si
gn
’s
 r
ol
e 
in
 p
ro
vo
ki
ng
 d
is
cu
ss
io
n 
an
d 
ch
an
gi
ng
 a
tti
tu
de
s.
M
an
y 
w
ith
in
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y 
vi
ew
 t
he
ir
 f
ie
ld
 a
s 
th
e 
an
tit
he
si
s o
f w
ha
t t
he
y 
se
e 
as
 th
e 
ir
re
sp
on
si
bi
lit
y 
of
 m
ai
ns
tr
ea
m
 
de
si
gn
 a
nd
 s
om
eh
ow
 i
n 
op
po
si
tio
n 
to
 t
hi
s.
 I
 h
av
e 
he
ar
d 
a 
le
ad
in
g 
fig
ur
e 
in
 
ac
ce
ss
ib
ili
ty
 
re
se
ar
ch
 
an
d 
de
ve
lo
pm
en
t 
an
no
un
ce
 th
at
 h
e 
ha
d 
ch
os
en
 n
ot
 to
 in
vo
lv
e 
an
y 
de
si
gn
er
s 
in
 
hi
s 
te
am
 b
ec
au
se
 h
e 
w
an
te
d 
“s
ol
ut
io
ns
 t
ha
t 
w
er
e 
us
ab
le
, 
no
t 
ju
st
 p
re
tty
.”
 T
hi
s 
m
is
gu
id
ed
 s
ta
te
m
en
t i
m
pl
ie
s 
th
at
 d
es
ig
n 
ha
s 
no
 r
ol
e 
be
yo
nd
 b
ea
ut
y 
an
d 
th
at
 b
ea
ut
y 
ha
s 
no
 r
ol
e 
in
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y.
Go
ut
y 
ch
ai
r f
ro
m
 a
ro
un
d 
18
00
, f
or
 p
eo
pl
e 
w
ith
 g
ou
t.
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g 
m
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In
 r
et
ur
n,
 m
an
y 
de
si
gn
er
s 
se
e 
de
si
gn
 f
or
 d
is
ab
ili
ty
 a
s 
pa
rt
 
of
 e
ng
in
ee
ri
ng
 a
nd
 h
um
an
 f
ac
to
rs
 a
nd
 p
er
ce
iv
e 
di
sa
bi
lit
y 
in
 
te
rm
s o
f a
pp
ro
ac
hi
ng
 le
gi
sl
at
io
n 
th
at
 th
re
at
en
s t
o 
co
m
pr
om
is
e 
th
ei
r 
cr
ea
tiv
ity
, 
ra
th
er
 t
ha
n 
as
 a
 s
ou
rc
e 
of
 f
re
sh
 p
er
sp
ec
tiv
es
 
th
at
 c
ou
ld
 c
at
al
yz
e 
ne
w
 d
ir
ec
tio
ns
 a
nd
 e
nr
ic
h 
th
e 
w
ho
le
 o
f 
th
ei
r 
w
or
k.
Th
er
e 
is
 n
ot
 so
 m
uc
h 
a 
cl
as
h 
of
 d
es
ig
n 
cu
ltu
re
s a
s a
 y
aw
ni
ng
 
gu
lf 
be
tw
ee
n 
th
em
. T
he
 re
su
lt 
of
 th
is
 d
is
ta
nc
e 
is
 th
at
 in
du
st
ri
al
 
an
d 
in
te
ra
ct
io
n 
de
si
gn
er
s,
 f
as
hi
on
 d
es
ig
ne
rs
 a
nd
 f
ur
ni
tu
re
 
de
si
gn
er
s 
ar
e 
un
lik
el
y 
to
 b
e 
pa
rt
 o
f 
th
e 
te
am
s 
de
si
gn
in
g 
pr
od
uc
ts
, 
in
te
rf
ac
es
, 
cl
ot
hi
ng
 o
r 
fu
rn
itu
re
 f
or
 p
eo
pl
e 
w
ith
 
di
sa
bi
lit
ie
s.
 S
om
et
im
es
 th
is
 is
 a
n 
ov
er
si
gh
t, 
bu
t o
th
er
 ti
m
es
 it
 
st
em
s f
ro
m
 a
 d
ee
p 
cy
ni
ci
sm
 a
bo
ut
 ar
t s
ch
oo
l d
es
ig
n 
di
sc
ip
lin
es
. 
An
d 
th
is
 s
itu
at
io
n 
is
 b
ei
ng
 p
er
pe
tu
at
ed
: 
it 
is
 s
til
l m
or
e 
lik
el
y 
th
at
 a
n 
en
gi
ne
er
in
g 
un
de
rg
ra
du
at
e 
w
ill
 a
tte
m
pt
 t
o 
de
si
gn
 a
 
w
he
el
ch
ai
r 
th
an
 a
 f
ur
ni
tu
re
 d
es
ig
n 
st
ud
en
t; 
m
or
e 
lik
el
y 
th
at
 
a 
co
m
pu
te
r 
sc
ie
nc
e 
st
ud
en
t 
w
ill
 a
tte
m
pt
 a
 c
om
m
un
ic
at
io
n 
ai
d 
th
an
 a
n 
in
te
ra
ct
io
n 
de
si
gn
 s
tu
de
nt
. 
D
es
ig
n 
fo
r 
di
sa
bi
lit
y 
w
ou
ld
 b
en
ef
it 
fr
om
 a
 b
et
te
r 
ba
la
nc
e 
of
 t
he
se
 c
om
pl
em
en
ta
ry
 
ap
pr
oa
ch
es
, w
he
re
as
 a
t t
he
 m
om
en
t o
ne
 d
om
in
at
es
 a
lm
os
t t
o 
th
e 
ex
cl
us
io
n 
of
 th
e 
ot
he
r.
Th
is
 c
ha
pt
er
 w
ill
 s
ta
rt
 b
y 
ill
us
tr
at
in
g 
th
es
e 
co
nt
ra
st
in
g 
cu
ltu
re
s 
th
ro
ug
h 
re
la
te
d 
pr
od
uc
ts
 
th
at
 
ep
ito
m
iz
e 
ea
ch
: 
w
he
el
ch
ai
rs
 a
nd
 c
ha
ir
s.
 T
he
 w
he
el
ch
ai
r 
ha
s 
be
co
m
e 
th
e 
ic
on
 
of
 d
is
ab
ili
ty
, 
to
 t
he
 e
xt
en
t 
th
at
 a
cc
es
si
bi
lit
y 
si
gn
ag
e 
us
es
 a
 
pe
rs
on
 i
n 
a 
w
he
el
ch
ai
r 
to
 r
ep
re
se
nt
 d
is
ab
ili
ty
 i
n 
ge
ne
ra
l. 
Th
e 
ch
ai
r 
in
 it
s 
m
an
y 
fo
rm
s 
is
 a
 d
es
ig
n 
st
an
da
rd
, 
pe
rp
et
ua
lly
 
re
in
te
rp
re
te
d 
by
 s
uc
ce
ss
iv
e 
de
si
gn
er
s.
 L
at
er
 w
e 
w
ill
 c
on
si
de
r 
pa
rt
ic
ul
ar
 e
xa
m
pl
es
 o
f o
pe
n-
en
de
d 
ex
pl
or
at
io
n 
an
d 
th
ei
r v
al
ue
 
to
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y.
w
he
el
ch
ai
rs
 c
on
ve
rg
e
Th
e 
hi
st
or
y 
of
 w
he
el
ch
ai
r 
de
si
gn
 is
 r
ev
ea
lin
g.
1  
In
 th
e 
18
th
 
Ce
nt
ur
y 
in
 t
he
 F
re
nc
h 
ro
ya
l 
co
ur
t, 
w
he
el
ch
ai
rs
 o
r 
ro
ul
et
te
s 
w
er
e 
co
ns
id
er
ed
 s
ty
lis
h 
en
ou
gh
 t
o 
be
 u
se
d 
by
 d
is
ab
le
d 
an
d 
Ba
th
 c
ha
ir
 fr
om
 a
ro
un
d 
19
00
.
274
59
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
ab
le
-b
od
ie
d 
al
ik
e.
2  I
n 
19
th
 C
en
tu
ry
 E
ng
la
nd
, B
at
h 
ch
ai
rs
 w
er
e 
fa
sh
io
na
bl
e 
fo
rm
 o
f 
tr
an
sp
or
ta
tio
n 
fo
r 
w
ea
lth
y 
vi
si
to
rs
 to
 s
pa
 
an
d 
se
as
id
e 
re
so
rt
s.
3  
Th
es
e 
w
oo
d 
an
d 
w
ic
ke
r 
ch
ai
rs
 o
w
ed
 
m
uc
h 
to
 c
on
te
m
po
ra
ry
 c
on
se
rv
at
or
y 
fu
rn
itu
re
, 
ex
hi
bi
tin
g 
si
m
ila
r 
st
yl
es
 a
nd
 a
n 
eq
ui
va
le
nt
 d
eg
re
e 
of
 s
ty
lis
tic
 v
ar
ia
tio
n,
 a
 
cl
os
en
es
s 
to
 m
ai
ns
tr
ea
m
 fu
rn
itu
re
 d
es
ig
n 
th
at
 is
 a
bs
en
t t
od
ay
.
In
 1
93
2,
 t
he
 c
om
pa
ny
 E
ve
re
st
 &
 J
en
ni
ng
s 
de
ve
lo
pe
d 
a 
tu
bu
la
r 
st
ee
l 
w
he
el
ch
ai
r,
 a
 b
re
ak
th
ro
ug
h 
in
 s
tr
en
gt
h 
an
d 
po
rt
ab
ili
ty
. 
At
 t
he
 t
im
e,
 i
t 
al
so
 e
vo
ke
d 
m
od
er
ni
sm
, 
sh
ar
in
g 
th
is
 n
ew
 m
at
er
ia
l 
w
ith
 t
he
 W
as
si
ly
 c
ha
ir
 d
es
ig
ne
d 
by
 t
he
 
Ba
uh
au
s 
tu
to
r 
M
ar
ce
l B
re
ue
r 
in
 1
92
5 
an
d 
th
e 
ca
nt
ile
ve
re
d 
M
R 
ch
ai
r 
de
si
gn
ed
 b
y 
th
e 
ar
ch
ite
ct
 M
ie
s 
va
n 
de
r 
Ro
he
’s
 in
 1
92
7.
 
Bu
t l
at
er
, i
n 
th
e 
19
50
s,
 w
hi
ls
t d
om
es
tic
 fu
rn
itu
re
 m
ov
ed
 o
n 
to
 
th
e 
m
ol
de
d 
pl
yw
oo
d 
an
d 
fib
re
-g
la
ss
 f
or
m
s 
of
 t
he
 E
am
es
 a
nd
 
Ro
bi
n 
D
ay
, 
th
e 
w
he
el
ch
ai
r 
re
m
ai
ne
d 
th
e 
sa
m
e.
 I
ts
 u
til
ita
ri
an
 
ch
ro
m
ed
 c
on
st
ru
ct
io
n 
be
ca
m
e 
m
or
e 
re
m
in
is
ce
nt
 o
f h
os
pi
ta
ls
, 
w
he
re
 tu
bu
la
r 
m
et
al
 r
em
ai
ne
d 
pr
ev
al
en
t f
or
 h
os
pi
ta
l b
ed
s 
an
d 
tr
ol
le
ys
, 
IV
 s
ta
nd
s 
an
d 
cr
ut
ch
es
, 
an
d 
th
er
eb
y 
re
in
fo
rc
ed
 t
he
 
m
ed
ic
al
 m
od
el
 o
f d
is
ab
ili
ty
 a
s a
 c
on
di
tio
n 
to
 b
e 
cu
re
d,
 n
ot
 th
e 
so
ci
al
 m
od
el
 w
hi
ch
 a
ck
no
w
le
dg
es
 w
id
er
 s
oc
ia
l 
an
d 
cu
ltu
ra
l 
is
su
es
.4
In
 t
he
 1
97
0s
, 
fo
llo
w
in
g 
th
e 
w
ar
 i
n 
Vi
et
na
m
, 
th
e 
Ve
te
ra
ns
 
As
so
ci
at
io
n 
in
 t
he
 U
.S
. 
su
cc
es
sf
ul
ly
 l
ob
bi
ed
 f
or
 i
nv
es
tm
en
t 
in
 w
he
el
ch
ai
rs
 b
et
te
r 
su
ite
d 
to
 y
ou
ng
, 
ot
he
rw
is
e 
ac
tiv
e 
w
ar
 
ve
te
ra
ns
, c
ha
lle
ng
in
g 
a 
pr
ev
io
us
 st
er
eo
ty
pe
 o
f w
he
el
ch
ai
r u
se
rs
 
as
 e
ld
er
ly
 w
om
en
. 
Th
er
e 
fo
llo
w
ed
 a
n 
im
pr
es
si
ve
 a
pp
lic
at
io
n 
of
 s
pa
ce
 t
ec
hn
ol
og
y 
an
d,
 p
er
ha
ps
 a
pp
ro
pr
ia
te
ly
, 
m
ili
ta
ry
-
sp
ec
ifi
ca
tio
n 
m
at
er
ia
ls
. T
he
 r
es
ul
t w
as
 li
gh
te
r,
 m
or
e 
ca
re
fu
lly
 
ba
la
nc
ed
 w
he
el
ch
ai
rs
, 
of
te
n 
le
ss
 i
nh
er
en
tly
 s
ta
bl
e 
bu
t 
m
or
e 
m
an
eu
ve
ra
bl
e 
by
 a
n 
oc
cu
pa
nt
 w
ith
 g
oo
d 
up
pe
r b
od
y 
st
re
ng
th
. 
An
ot
he
r 
m
an
ife
st
at
io
n 
w
as
 a
n 
ex
pl
os
io
n 
in
 w
he
el
ch
ai
r 
sp
or
ts
, 
in
cl
ud
in
g 
ba
sk
et
ba
ll 
an
d 
m
ar
at
ho
n 
ra
ci
ng
, 
of
te
n 
us
in
g 
sp
ec
ia
lis
t c
ha
ir
s 
w
ith
 fu
rt
he
r 
fu
nc
tio
na
l r
ef
in
em
en
t.
Fo
r a
ny
 w
he
el
ch
ai
r t
he
se
 d
ay
s,
 th
e 
fu
nc
tio
na
l r
eq
ui
re
m
en
ts
 
ar
e 
on
er
ou
s.
 I
ts
 w
ei
gh
t 
an
d 
ce
nt
re
 o
f 
gr
av
ity
 a
re
 c
ru
ci
al
 t
o 
W
as
sil
y 
ch
ai
r,
 d
es
ig
ne
d 
by
 M
ar
ce
l B
re
ue
r 
in
 1
92
5 
an
d 
m
an
uf
ac
tu
re
d 
 
by
 K
no
ll.
275
61
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
m
an
eu
ve
ra
bi
lit
y 
an
d 
st
ab
ili
ty
, 
ye
t 
it 
m
ay
 a
ls
o 
ne
ed
 t
o 
be
 
tr
an
sp
or
te
d 
em
pt
y,
 p
er
ha
ps
 fo
ld
in
g 
up
 in
 s
om
e 
w
ay
. P
os
tu
ra
l 
su
pp
or
t 
is
 m
or
e 
cr
iti
ca
l 
th
an
 f
or
 a
 n
or
m
al
 c
ha
ir
 b
ec
au
se
 t
he
 
oc
cu
pa
nt
 is
 s
ea
te
d 
fo
r 
lo
ng
er
 a
t a
 ti
m
e,
 is
 m
or
e 
im
m
ob
ile
 a
nd
 
th
ei
r 
co
nd
iti
on
 m
ay
 m
ak
e 
th
em
 p
ro
ne
 t
o 
pr
es
su
re
 s
or
es
. 
A 
di
ve
rs
ity
 o
f 
cl
in
ic
al
 n
ee
ds
, 
re
qu
ir
in
g 
ad
ju
st
m
en
t, 
m
od
ul
ar
ity
 
or
 c
us
to
m
iz
at
io
n,
 c
an
 c
om
pl
ic
at
e 
th
in
gs
 s
til
l 
fu
rt
he
r.
 T
hi
s 
co
m
pl
ex
 s
et
 o
f 
re
qu
ir
em
en
ts
 c
an
 u
nd
er
st
an
da
bl
y 
do
m
in
at
e 
an
y 
fu
rt
he
r 
de
si
gn
 i
ss
ue
s.
 A
 b
ri
ef
 a
s 
te
ch
ni
ca
l a
s 
th
is
 i
s 
m
or
e 
lik
el
y 
to
 b
e 
ta
ck
le
d 
by
 a
n 
en
gi
ne
er
in
g 
de
si
gn
 t
ea
m
 t
ha
n 
a 
fu
rn
itu
re
 d
es
ig
ne
r,
 a
nd
 m
or
e 
lik
el
y 
by
 a
n 
un
de
rg
ra
du
at
e 
at
 
a 
te
ch
ni
ca
l u
ni
ve
rs
ity
 th
an
 a
n 
ar
t s
ch
oo
l s
tu
de
nt
. W
he
el
ch
ai
rs
 
ha
ve
 b
ec
om
e 
fin
el
y 
en
gi
ne
er
ed
 m
ac
hi
ne
s 
no
t 
ju
st
 b
ec
au
se
 o
f 
th
ei
r 
fu
nc
tio
n,
 b
ut
 a
ls
o 
be
ca
us
e 
of
 th
e 
sk
ill
s 
an
d 
as
pi
ra
tio
ns
 o
f 
th
e 
de
si
gn
er
s 
th
at
 h
av
e 
be
en
 a
ttr
ac
te
d 
to
 d
es
ig
ni
ng
 th
em
.
W
he
el
ch
ai
rs
 
ha
ve
 
co
nv
er
ge
d 
in
 
th
ei
r 
re
se
m
bl
an
ce
 
to
 
m
od
er
n 
bi
cy
cl
es
, 
es
pe
ci
al
ly
 
th
e 
m
ou
nt
ai
n 
bi
ke
. 
Th
ey
 
al
re
ad
y 
sh
ar
e 
co
m
po
ne
nt
s 
su
ch
 a
s 
sp
ok
ed
 w
he
el
s,
 b
ra
ke
s 
an
d 
ha
nd
le
ba
r 
gr
ip
s 
an
d 
a 
co
ns
tr
uc
tio
n 
fr
om
 t
ub
ul
ar
 a
llo
y,
 
bu
t 
in
 t
he
 c
ho
ic
e 
of
 f
in
is
he
s,
 c
ol
or
s 
an
d 
gr
ap
hi
cs
, 
fu
rt
he
r 
op
po
rt
un
iti
es
 a
re
 t
ak
en
 t
o 
ad
op
t 
th
e 
sa
m
e 
de
si
gn
 l
an
gu
ag
e.
 
Th
is
 le
nd
s 
th
e 
re
as
su
ri
ng
 f
am
ili
ar
ity
 o
f 
a 
m
ai
ns
tr
ea
m
 p
ro
du
ct
 
an
d 
se
ts
 u
p 
po
si
tiv
e 
as
so
ci
at
io
ns
 w
ith
 m
ob
ili
ty
, 
fit
ne
ss
 a
nd
 
ab
ili
ty
. S
ur
el
y 
th
is
 is
 t
he
 id
ea
l c
on
cl
us
io
n 
to
 t
he
 w
he
el
ch
ai
r’
s 
ae
st
he
tic
 e
vo
lu
tio
n?
W
el
l, 
pe
rh
ap
s 
th
is
 c
on
ve
rg
en
ce
 is
 n
ot
 a
lto
ge
th
er
 w
el
co
m
e.
 
Ba
rb
er
5  
ha
s 
no
te
d 
th
at
 
th
e 
cu
rr
en
t 
ho
m
og
en
ei
ty
 
of
 
th
e 
ap
pe
ar
an
ce
 o
f 
w
he
el
ch
ai
rs
 c
an
 h
id
e 
th
e 
in
di
vi
du
al
ity
 o
f 
th
e 
us
er
. 
Sh
ou
ld
 i
nd
iv
id
ua
lit
y 
be
 p
ar
t 
of
 t
he
 d
es
ig
n 
br
ie
f, 
an
d 
w
ha
t 
w
ou
ld
 w
e 
m
ea
n 
by
 t
hi
s?
 I
nd
iv
id
ua
lit
y 
fo
r 
th
e 
sa
ke
 
of
 
di
ff
er
en
tia
tio
n,
 
or
 
so
m
et
hi
ng
 
re
la
tin
g 
to
 
th
e 
ex
is
tin
g 
id
en
tit
y 
of
 t
he
 p
er
so
n 
si
tti
ng
 i
n,
 li
vi
ng
 i
n 
th
at
 c
ha
ir
? 
D
es
pi
te
 
in
di
sp
ut
ab
le
 p
ro
gr
es
s,
 t
he
re
 i
s 
an
 e
xt
en
t 
to
 w
hi
ch
 w
e 
ha
ve
 
re
pl
ac
ed
 o
ne
 s
te
re
ot
yp
e 
of
 a
 w
he
el
ch
ai
r 
us
er
 w
ith
 a
no
th
er
, 
a 
fr
ai
l o
ld
er
 w
om
an
 fo
r 
an
 a
th
le
tic
 y
ou
ng
er
 m
an
.
RG
K 
In
ter
cep
to
r w
he
el
ch
ai
r.
276
63
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
di
ve
rs
e 
ch
ai
rs
In
 c
on
tr
as
t 
to
 t
hi
s 
co
nv
er
ge
nc
e 
in
 w
he
el
ch
ai
r 
de
si
gn
, 
th
e 
ev
ol
ut
io
n 
of
 
th
e 
ch
ai
r 
co
nt
in
ue
s 
to
 
ge
ne
ra
te
 
in
cr
ea
si
ng
 
di
ve
rs
ity
. 
Th
e 
M
ila
n 
Fu
rn
itu
re
 F
ai
r 
an
d 
th
e 
N
eo
Co
n 
W
or
ld
’s
 T
ra
de
 
Fa
ir
 in
 C
hi
ca
go
 a
re
 a
m
on
gs
t t
he
 e
ve
nt
s a
t w
hi
ch
 c
on
te
m
po
ra
ry
 
fu
rn
itu
re
 i
s 
ex
hi
bi
te
d 
an
d 
ce
le
br
at
ed
. 
Ea
ch
 y
ea
r,
 d
es
ig
ne
rs
, 
m
an
uf
ac
tu
re
rs
, 
re
ta
ile
rs
, 
jo
ur
na
lis
ts
 a
nd
 a
n 
in
te
re
st
ed
 p
ub
lic
 
co
nv
er
ge
 o
n 
M
ila
n 
to
 se
e 
th
e 
la
un
ch
 o
f n
ew
 d
es
ig
ns
 fo
r s
ea
tin
g 
an
d 
lig
ht
in
g.
 W
hi
ls
t 
so
m
e 
ne
w
 c
ha
ir
s 
ea
ch
 y
ea
r 
de
pe
nd
 o
n 
ad
va
nc
es
 i
n 
m
at
er
ia
ls
 a
nd
 p
ro
du
ct
io
n 
te
ch
ni
qu
es
, 
pr
og
re
ss
 i
s 
no
t m
ea
su
re
d 
in
 te
rm
s 
of
 te
ch
no
lo
gy
. M
an
y 
ne
w
 a
rr
iv
al
s 
w
ill
 
be
 v
ar
ia
tio
ns
 o
r 
re
fle
ct
io
ns
 o
n 
pr
ev
io
us
 d
es
ig
ns
, 
in
vo
lv
in
g 
ne
w
 id
ea
s 
or
 e
xp
re
ss
in
g 
ne
w
 v
al
ue
s.
Th
is
 p
ro
lif
er
at
io
n 
is
 r
ef
le
ct
ed
 in
 b
oo
ks
 w
ith
 ti
tle
s 
lik
e 
10
00
 
ch
ai
rs
 a
nd
 1
00
0 
lig
ht
s,
6,
7  
bu
t i
t p
ro
vi
de
s 
m
uc
h 
m
or
e 
th
an
 a
n 
ov
er
w
he
lm
in
g 
ch
oi
ce
 fo
r 
th
e 
co
ns
um
er
. O
ne
 o
f t
he
 w
ay
s 
th
at
 
de
si
gn
 p
ro
gr
es
se
s 
is
 t
hr
ou
gh
 s
ta
nd
ar
ds
. 
D
es
ig
ne
rs
 r
et
ur
n 
to
 
ub
iq
ui
to
us
 p
ro
du
ct
s 
lik
e 
ch
ai
rs
 a
nd
 l
ig
ht
s 
in
 m
uc
h 
th
e 
sa
m
e 
w
ay
 th
at
 m
us
ic
ia
ns
 r
ev
is
it 
an
d 
re
in
te
rp
re
t o
ld
 tu
ne
s.
 A
nd
 th
is
 
is
 n
ot
 r
es
tr
ic
te
d 
to
 f
ur
ni
tu
re
 d
es
ig
n 
an
d 
in
du
st
ri
al
 d
es
ig
n:
 
m
y 
in
te
ra
ct
io
n 
de
si
gn
 s
tu
de
nt
s 
ha
ve
 r
ec
en
tly
 u
se
d 
ch
ai
rs
 a
s 
a 
m
ed
iu
m
 to
 e
xp
lo
re
 n
ew
 in
te
ra
ct
iv
e 
ex
hi
bi
ts
 in
 a
 p
ro
je
ct
 c
al
le
d 
Fo
rg
ot
te
n 
Ch
ai
rs
.8  
O
ut
si
de
 o
f 
a 
de
si
gn
 c
ul
tu
re
, t
hi
s 
ob
se
ss
io
n 
ca
n 
be
 m
is
in
te
rp
re
te
d:
 th
e 
fa
m
ili
ar
 c
ri
tic
is
m
 “
do
es
 th
e 
w
or
ld
 
ne
ed
 a
no
th
er
 c
ha
ir
?”
 i
s 
a 
lit
tle
 l
ik
e 
as
ki
ng
 “
do
es
 t
he
 w
or
ld
 
ne
ed
 a
no
th
er
 v
er
si
on
 o
f 
A 
N
ig
ht
 i
n 
Tu
ni
si
a?
” 
As
 m
uc
h 
as
 
be
in
g 
a 
ne
w
 p
ro
du
ct
, e
ac
h 
ch
ai
r i
s a
 m
ec
ha
ni
sm
 b
y 
w
hi
ch
 n
ew
 
ap
pr
oa
ch
es
 to
 d
es
ig
n 
ar
e 
ex
pl
or
ed
 a
nd
 n
ew
 d
es
ig
n 
la
ng
ua
ge
s 
di
ss
em
in
at
ed
: 
ap
pr
oa
ch
es
 a
nd
 l
an
gu
ag
es
 t
ha
t 
ca
n 
th
en
 b
e 
ap
pl
ie
d 
to
 o
th
er
 p
ro
du
ct
s 
as
 w
el
l a
s 
to
 c
ha
ir
s.
 M
an
y 
re
sp
ec
te
d 
an
d 
fa
m
ou
s d
es
ig
ne
rs
 h
av
e 
ch
ai
rs
 to
 th
ei
r n
am
e,
 w
ha
te
ve
r e
ls
e 
m
ay
 h
av
e 
be
en
 th
e 
fo
cu
s 
of
 th
ei
r 
ca
re
er
s:
 p
er
ha
ps
 a
rc
hi
te
ct
ur
e 
or
 p
ro
du
ct
s 
ra
th
er
 th
an
 f
ur
ni
tu
re
. T
he
se
 c
ha
ir
s 
of
te
n 
em
bo
dy
 
a 
di
st
ill
at
io
n 
of
 t
he
ir
 d
es
ig
n 
ph
ilo
so
ph
y,
 a
nd
 b
y 
se
rv
in
g 
as
 a
 
Th
e G
en
tle
m
an
’s 
Ch
ai
r b
ui
lt 
by
 W
ill
ia
m
 D
ic
ks
on
 in
 1
98
9,
 r
es
to
re
d 
by
  
Ry
an
 M
cL
eo
d,
 Ja
m
ie
 S
he
k 
an
d 
Ia
n 
Sh
ie
ls
277
65
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
co
m
m
on
 m
ed
iu
m
, i
llu
m
in
at
e 
co
m
pa
ri
so
ns
 b
et
w
ee
n 
di
ff
er
en
t 
de
si
gn
er
s 
th
at
 m
ig
ht
 n
ot
 o
th
er
w
is
e 
be
 s
o 
ev
id
en
t.
Ja
pa
ne
se
 m
an
uf
ac
tu
re
r 
M
ar
un
i 
la
un
ch
ed
 n
o 
fe
w
er
 t
ha
n 
te
n 
di
ff
er
en
t 
ch
ai
rs
 a
t 
on
ce
 i
n 
its
 N
ex
tm
ar
un
i 
co
lle
ct
io
n.
 
Ac
kn
ow
le
dg
in
g 
th
e 
re
la
tiv
el
y 
re
ce
nt
 p
re
se
nc
e 
of
 t
he
 c
ha
ir
 i
n 
Ja
pa
ne
se
 f
ur
ni
tu
re
, 
th
ey
 c
om
m
is
si
on
ed
 t
en
 le
ad
in
g 
de
si
gn
er
s 
to
 e
ac
h 
de
fin
e 
an
 a
rc
he
ty
pa
l 
Ja
pa
ne
se
 c
ha
ir
. 
Ea
ch
 r
es
po
ns
e 
co
m
bi
ne
d 
el
em
en
ts
 s
pe
ci
fic
 t
o 
th
e 
br
ie
f 
- 
th
e 
de
si
gn
er
’s
 
in
te
rp
re
ta
tio
n 
of
 th
e 
es
se
nc
e 
of
 a
 c
ha
ir
, o
f w
oo
d 
as
 a
 m
at
er
ia
l 
an
d 
of
 Ja
pa
ne
se
 d
es
ig
n 
- 
w
ith
 e
le
m
en
ts
 o
f t
he
ir
 o
w
n 
pe
rs
on
al
 
ph
ilo
so
ph
y 
th
at
 t
he
y 
m
ig
ht
 h
av
e 
ap
pl
ie
d 
to
 o
th
er
 p
ro
du
ct
s.
 
An
d 
in
 t
ur
n,
 a
 b
ri
ef
 l
ik
e 
th
is
 h
as
 t
he
 p
ow
er
 t
o 
in
flu
en
ce
 a
 
de
si
gn
er
’s
 p
hi
lo
so
ph
y 
in
 th
e 
fu
tu
re
.
Fo
r 
Lo
nd
on
-b
as
ed
 J
ap
an
es
e 
de
si
gn
er
s 
Az
um
i, 
a 
Ja
pa
ne
se
 
ae
st
he
tic
 r
es
id
es
 i
n 
th
e 
w
ay
 i
n 
w
hi
ch
 “
co
ns
id
er
at
io
n 
an
d 
at
te
nt
iv
en
es
s 
ar
e 
pr
es
en
t 
to
 a
n 
as
to
ni
sh
in
g 
de
gr
ee
 w
hi
le
, 
on
 
th
e 
su
rf
ac
e,
 a
n 
ex
pr
es
si
on
 o
f 
ut
te
r 
si
m
pl
ic
ity
 is
 m
ai
nt
ai
ne
d.
”9
 
At
 f
ir
st
 s
ig
ht
 t
he
ir
 c
ha
ir
 l
oo
ks
 b
ea
ut
ifu
l 
bu
t 
au
st
er
e,
 o
ff
er
in
g 
vi
su
al
 m
in
im
al
is
m
 b
ut
 n
ot
 p
ro
m
is
in
g 
co
m
fo
rt
. 
O
n 
fu
rt
he
r 
in
ve
st
ig
at
io
n 
ho
w
ev
er
 i
ts
 s
im
pl
e 
fla
t 
pa
ne
ls
 p
ro
ve
 n
ot
 t
o 
be
 
m
ad
e 
fr
om
 a
 h
ar
d 
la
m
in
at
e 
as
 t
he
y 
ap
pe
ar
, 
bu
t 
ar
e 
yi
el
di
ng
, 
up
ho
ls
te
re
d 
le
at
he
r 
cu
sh
io
ns
.
Fo
r 
En
gl
is
h 
fu
rn
itu
re
 
de
si
gn
er
 
Ja
sp
er
 
M
or
ri
so
n,
 
th
e 
ne
xt
m
ar
un
i 
pr
oj
ec
t 
re
ve
al
ed
 t
he
 t
ho
ug
ht
 g
iv
en
 t
o 
an
 o
bj
ec
t’s
 
be
au
ty
 in
 Ja
pa
n.
 In
 th
e 
W
es
t, 
he
 s
ay
s,
 d
is
cu
ss
io
n 
ab
ou
t d
es
ig
n 
is
 u
su
al
ly
 l
im
ite
d 
to
 “
It’
s 
be
au
tif
ul
” 
or
 “
It’
s 
ve
ry
 u
gl
y”
. 
So
m
et
im
es
 i
t 
w
ill
 p
ro
gr
es
s 
to
 t
he
 l
ev
el
 o
f 
“I
t’s
 b
ea
ut
ifu
l, 
I 
re
al
ly
 li
ke
 th
e 
sh
ap
e 
an
d 
th
e 
w
ay
 th
e 
m
at
er
ia
ls
 a
re
 c
om
bi
ne
d”
 
bu
t, 
sa
ys
 M
or
ri
so
n,
 “
w
e 
m
ig
ht
 l
oo
k 
st
ra
ng
el
y 
at
 s
om
eo
ne
 
w
ho
 a
na
ly
se
s 
an
 o
bj
ec
t i
n 
m
or
e 
de
pt
h 
th
an
 th
is
.”
9
Ce
rt
ai
nl
y,
 
fo
r 
so
m
e 
in
 
de
si
gn
 
fo
r 
di
sa
bi
lit
y,
 
su
ch
 
pr
eo
cc
up
at
io
ns
 
w
ou
ld
 
re
pr
es
en
t 
al
l 
th
at
 
is
 
w
ro
ng
 
w
ith
 
m
ai
ns
tr
ea
m
 d
es
ig
n:
 a
 d
eg
re
e 
of
 o
bs
es
si
on
 th
at
 c
ou
ld
 b
e 
se
en
 a
s 
se
lf-
in
du
lg
en
t, 
se
lf-
re
fe
re
nt
ia
l a
nd
 d
ev
oi
d 
of
 r
el
ev
an
ce
 t
o 
th
e 
pr
of
ou
nd
 i
ss
ue
s 
th
at
 d
es
ig
n 
fa
ce
s,
 o
ne
 o
f 
w
hi
ch
 i
s 
ex
cl
us
io
n 
Le
at
he
r 
an
d 
w
oo
de
n 
ch
ai
r 
de
si
gn
ed
 b
y 
Sh
in
 A
zu
m
i a
nd
 T
om
ok
o 
Az
um
i 
fo
r 
th
e 
ne
xt
m
ar
un
i c
ol
le
ct
io
n.
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67
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
on
 t
he
 b
as
is
 o
f 
di
sa
bi
lit
y.
 W
ha
t 
is
 t
he
 v
al
ue
 i
n 
pu
rs
ui
ng
 
di
ve
rs
ity
, s
ee
m
in
gl
y 
fo
r 
its
 o
w
n 
sa
ke
?
di
ve
rs
e 
w
he
el
ch
ai
rs
D
iv
er
si
ty
 a
lr
ea
dy
 p
la
ys
 a
n 
im
po
rt
an
t 
ro
le
 i
n 
so
m
e 
ar
ea
s 
of
 
de
si
gn
 f
or
 d
is
ab
ili
ty
, 
ho
w
ev
er
. 
M
ot
iv
at
io
n 
is
 a
 c
ha
ri
ta
bl
e 
or
ga
ni
za
tio
n 
th
at
 d
es
ig
ns
 a
nd
 b
ui
ld
s 
w
he
el
ch
ai
rs
 i
n 
lo
w
-
in
co
m
e 
co
un
tr
ie
s.
10
 I
n 
ea
ch
 c
ou
nt
ry
 t
he
y 
vi
si
t, 
tw
en
ty
 i
n 
th
e 
la
st
 t
w
el
ve
 y
ea
rs
, 
th
ey
 h
av
e 
es
ta
bl
is
he
d 
su
st
ai
na
bl
e 
lo
ca
l 
m
an
uf
ac
tu
re
, 
w
hi
ch
 m
ea
ns
 t
ha
t 
an
y 
w
he
el
ch
ai
r 
m
us
t 
be
 
ap
pr
op
ri
at
e 
to
 th
at
 c
ou
nt
ry
 a
nd
 c
om
m
un
ity
. T
hi
s 
ha
s 
re
su
lte
d 
in
 a
 d
iff
er
en
t c
ha
ir
 d
es
ig
n 
in
 e
ac
h 
co
un
tr
y,
 b
as
ed
 n
ot
 o
nl
y 
on
 
lo
ca
l 
ne
ed
s,
 o
n 
pr
ev
al
en
t 
ty
pe
s 
of
 d
is
ab
ili
ty
 a
nd
 t
er
ra
in
, 
bu
t 
al
so
 o
n 
lo
ca
l m
an
uf
ac
tu
ri
ng
 s
ki
lls
.11
 
Th
es
e 
pr
ag
m
at
ic
 g
oa
ls
 h
av
e 
re
su
lte
d 
in
 a
 r
ic
h 
di
ve
rs
ity
 
of
 w
he
el
ch
ai
r 
de
si
gn
s.
 I
n 
di
ff
er
en
t 
co
un
tr
ie
s,
 M
ot
iv
at
io
n’
s 
ch
ai
rs
 e
m
pl
oy
 d
iff
er
en
t 
la
yo
ut
, 
ge
om
et
ry
, 
co
ns
tr
uc
tio
n 
an
d 
co
m
po
ne
nt
s,
 f
or
 e
xa
m
pl
e 
di
ff
er
en
t 
w
he
el
 s
iz
es
 d
ep
en
de
nt
 
on
 p
re
va
le
nt
 l
oc
al
 b
ic
yc
le
 w
he
el
s,
 s
o 
th
at
 s
pa
re
s 
ar
e 
re
ad
ily
 
av
ai
la
bl
e.
 T
he
ir
 w
he
el
ch
ai
r 
fo
r 
Ba
ng
la
de
sh
 o
w
es
 a
 l
ot
 t
o 
W
es
te
rn
 w
he
el
ch
ai
r 
de
si
gn
, 
w
ith
 a
 w
el
de
d 
m
et
al
 f
ra
m
e,
 
al
be
it 
w
ith
 a
n 
un
us
ua
l 
di
ag
on
al
 d
es
ig
n 
th
at
 s
im
pl
ifi
es
 i
ts
 
co
ns
tr
uc
tio
n,
 
w
he
re
as
 
th
e 
ch
ai
r 
de
ve
lo
pe
d 
fo
r 
Ca
m
bo
di
a 
ha
s 
a 
di
st
in
ct
iv
e 
ha
rd
w
oo
d 
fr
am
e 
be
ca
us
e 
of
 l
oc
al
 m
at
er
ia
ls
. 
Fu
rt
he
rm
or
e,
 th
e 
ro
ug
h 
te
rr
ai
n 
in
 C
am
bo
di
a 
di
ct
at
es
 a
 th
re
e-
w
he
el
ed
 l
ay
ou
t 
w
ith
 a
 c
en
tr
al
 w
oo
de
n 
sp
in
e 
su
pp
or
tin
g 
a 
si
ng
le
 fr
on
t w
he
el
. 
Th
e 
ae
st
he
tic
 o
f 
ea
ch
 w
he
el
ch
ai
r 
is
 q
ui
te
 d
iff
er
en
t: 
so
m
e 
al
lu
de
 m
or
e 
to
 c
on
ve
nt
io
na
l 
w
he
el
ch
ai
r 
or
 b
ic
yc
le
 d
es
ig
n,
 
ot
he
rs
 to
 lo
ca
l d
om
es
tic
 fu
rn
itu
re
. A
nd
 a
s 
th
e 
de
si
gn
 c
ha
ng
es
, 
so
 t
he
 s
pa
tia
l 
an
d 
vi
su
al
 r
el
at
io
ns
hi
p 
be
tw
ee
n 
th
e 
ch
ai
r 
an
d 
th
e 
us
er
’s
 b
od
y 
is
 c
ha
ng
ed
. 
Th
e 
us
er
’s
 p
os
tu
re
 w
ith
in
 t
he
 
ch
ai
r,
 a
ct
ua
l a
nd
 a
pp
ar
en
t, 
ch
an
ge
s 
be
tw
ee
n 
fo
ur
- 
an
d 
th
re
e-
w
he
el
ed
 la
yo
ut
s 
an
d 
be
tw
ee
n 
di
ff
er
en
t s
iz
ed
 w
he
el
s.
M
ot
iv
at
io
n 
fo
un
de
r 
D
av
id
 C
on
st
an
tin
e,
 t
al
ki
ng
 b
ac
k 
in
 
Ch
ai
r 
de
si
gn
ed
 b
y 
Ja
sp
er
 M
or
ri
so
n 
fo
r 
th
e 
fir
st
 n
ex
tm
ar
un
i c
ol
le
ct
io
n.
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69
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
En
gl
an
d,
 b
ri
ng
s 
up
 t
he
 s
oc
ia
l 
si
gn
ifi
ca
nc
e 
of
 s
ea
tin
g 
po
st
ur
e 
in
 w
he
el
ch
ai
rs
. 
H
e 
fin
ds
 h
is
 o
w
n 
w
he
el
ch
ai
r 
pe
rf
ec
t 
fo
r 
th
e 
of
fic
e,
 w
he
re
 i
t 
pu
ts
 h
im
 o
n 
a 
le
ve
l 
w
ith
 h
is
 c
ol
le
ag
ue
s 
ar
ou
nd
 a
 m
ee
tin
g 
ta
bl
e.
 B
ut
 a
t h
om
e 
he
 c
an
 fe
el
 a
s 
th
ou
gh
 h
e 
is
 s
itt
in
g 
to
 a
tte
nt
io
n,
 w
ith
 h
is
 f
ri
en
ds
 r
el
ax
in
g 
be
lo
w
 h
im
 in
 
ar
m
ch
ai
rs
 a
nd
 o
n 
so
fa
s.
 A
 w
he
el
ch
ai
r 
th
at
 l
et
 h
im
 s
lo
uc
h 
at
 
th
at
 le
ve
l w
ou
ld
 h
el
p 
hi
m
 to
 fe
el
 m
or
e 
co
m
fo
rt
ab
le
.
Co
ul
d 
an
d 
sh
ou
ld
 s
om
e 
of
 t
hi
s 
di
ve
rs
ity
 b
e 
br
ou
gh
t 
ba
ck
 
to
 w
he
el
ch
ai
r 
de
si
gn
 i
n 
Eu
ro
pe
 a
nd
 N
or
th
 A
m
er
ic
a?
 A
s 
a 
to
ol
 t
o 
br
ea
k 
aw
ay
 f
ro
m
 c
on
ve
nt
io
na
l 
so
lu
tio
ns
 a
nd
 o
pe
n 
up
 n
ew
 d
ir
ec
tio
ns
, 
or
 e
ve
n 
as
 a
 g
oa
l 
in
 i
ts
el
f, 
in
 o
rd
er
 t
o 
in
cr
ea
se
 v
ar
ie
ty
 a
nd
 c
ho
ic
e.
 W
ou
ld
 i
t 
be
 i
na
pp
ro
pr
ia
te
 t
o 
ap
pl
y 
in
sp
ir
at
io
n 
fr
om
 t
hi
s 
lo
w
-i
nc
om
e 
pr
og
ra
m
 t
o 
a 
m
or
e 
af
flu
en
t 
w
es
te
rn
 m
ar
ke
t?
 C
ou
ld
 t
he
 c
on
ce
rn
s 
of
 t
he
 M
ila
n 
fu
rn
itu
re
 f
ai
r 
ev
er
 b
e 
re
le
va
nt
 w
he
n 
pr
es
su
re
 s
or
es
 a
re
 s
til
l s
o 
pr
ev
al
en
t, 
ev
en
 h
er
e?
 B
ut
 m
ov
in
g 
fr
om
 a
 m
ed
ic
al
 t
o 
a 
so
ci
al
 
m
od
el
 o
f 
di
sa
bi
lit
y 
m
ea
ns
 a
ck
no
w
le
dg
in
g 
th
e 
im
po
rt
an
ce
 o
f 
bo
th
 c
lin
ic
al
 a
nd
 c
ul
tu
ra
l i
ss
ue
s 
w
he
n 
de
si
gn
in
g 
w
he
el
ch
ai
rs
. 
N
ot
 o
ne
 a
t t
he
 e
xp
en
se
 o
f t
he
 o
th
er
, b
ut
 b
ot
h.
ch
ai
rw
ea
r
If
 sp
ec
ta
cl
es
 h
av
e 
be
co
m
e 
ey
ew
ea
r a
nd
 h
ea
ri
ng
 a
id
s e
ar
w
ea
r o
r 
H
ea
rW
ea
r,
 w
ha
t 
sh
ift
 i
n 
ap
pr
oa
ch
 m
ig
ht
 t
he
 t
er
m
 c
ha
ir
w
ea
r 
in
sp
ir
e?
 O
f 
th
in
ki
ng
 o
f 
so
m
eo
ne
 a
s 
a 
w
he
el
ch
ai
r’
s 
w
ea
re
r,
 
no
t 
ju
st
 i
ts
 u
se
r,
 r
id
er
 o
r 
pa
ss
en
ge
r?
 A
 w
he
el
ch
ai
r 
is
 a
 f
ra
m
e 
in
 w
hi
ch
 y
ou
 a
nd
 y
ou
r 
cl
ot
hi
ng
 a
re
 s
ee
n.
 It
 is
 th
e 
pl
ac
e 
fr
om
 
w
hi
ch
 y
ou
 r
ec
ei
ve
 g
ue
st
s.
 I
t i
s 
w
ha
t y
ou
 g
o 
ou
t o
n 
th
e 
to
w
n 
in
. E
ac
h 
of
 th
es
e 
as
so
ci
at
io
ns
 c
on
ju
re
s 
up
 is
su
es
 a
nd
 th
ou
gh
ts
 
no
t 
pr
ov
ok
ed
 
by
 
th
in
ki
ng
 
of
 
w
he
el
ch
ai
rs
 
ex
cl
us
iv
el
y 
as
 
tr
an
sp
or
ta
tio
n.
 A
nd
 e
ac
h 
su
gg
es
ts
 d
iff
er
en
t t
yp
es
 o
f 
de
si
gn
er
s 
w
ith
 w
ho
m
 to
 e
xp
lo
re
 n
ew
 d
ir
ec
tio
ns
.
H
ow
 d
iff
er
en
t 
th
e 
si
tu
at
io
n 
w
ou
ld
 b
e 
if 
th
e 
w
he
el
ch
ai
r 
be
ca
m
e 
on
e 
of
 t
he
 d
es
ig
n 
st
an
da
rd
s 
th
at
 d
es
ig
ne
rs
 s
ou
gh
t 
to
 r
ei
nv
en
t, 
al
on
gs
id
e 
th
e 
di
ni
ng
 c
ha
ir
 a
nd
 t
he
 a
rm
ch
ai
r.
 
Th
is
 m
or
e 
th
an
 a
ny
th
in
g 
w
ou
ld
 c
on
ne
ct
 t
he
 M
ila
n 
fu
rn
itu
re
 
W
he
el
ch
ai
r 
de
si
gn
ed
 b
y 
M
ot
iv
at
io
n 
in
 tr
op
ic
al
 h
ar
dw
oo
d 
fo
r 
lo
ca
l 
m
an
uf
ac
tu
re
 in
 C
am
bo
di
a.
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ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
fa
ir
 
an
d 
N
eo
Co
n 
to
 
ex
hi
bi
tio
ns
 
of
 
so
-c
al
le
d 
eq
ui
pm
en
t 
fo
r 
th
e 
di
sa
bl
ed
 s
uc
h 
as
 N
ai
de
x 
in
 t
he
 U
ni
te
d 
Ki
ng
do
m
 o
r 
RE
SN
A 
in
 t
he
 U
ni
te
d 
St
at
es
. 
W
ha
t 
if 
le
ad
in
g 
w
he
el
ch
ai
r 
an
d 
fu
rn
itu
re
 m
an
uf
ac
tu
re
rs
 s
uc
h 
as
 Q
ui
ck
ie
 a
nd
 H
er
m
an
 M
ill
er
 
co
lla
bo
ra
te
d 
w
ith
 
ea
ch
 
ot
he
r 
an
d 
co
m
m
is
si
on
ed
 
le
ad
in
g 
fu
rn
itu
re
 d
es
ig
ne
rs
? 
H
ow
 d
iff
er
en
t i
f o
ne
 c
ou
ld
 g
o 
to
 H
ab
ita
t 
or
 K
no
ll 
to
 b
ro
w
se
 t
he
 l
at
es
t 
tr
en
ds
 i
n 
w
he
el
ch
ai
rs
, 
no
t 
ju
st
 
a 
sp
ec
ia
lis
t 
re
ta
ile
r 
of
 a
id
s 
fo
r 
da
ily
 l
iv
in
g.
 P
er
ha
ps
 t
he
 m
os
t 
in
te
re
st
in
g 
w
he
el
ch
ai
r 
de
si
gn
s 
w
ou
ld
 o
cc
as
io
na
lly
 b
e 
of
fe
re
d 
as
 v
ar
ia
nt
s 
w
ith
 l
eg
s,
 f
or
 j
ea
lo
us
 a
m
bu
la
to
ry
 c
on
su
m
er
s,
 
be
ca
us
e 
ap
pr
oa
ch
in
g 
ch
ai
r 
de
si
gn
 
fr
om
 
th
e 
di
re
ct
io
n 
of
 
w
he
el
ch
ai
r 
de
si
gn
 w
ou
ld
 le
ad
 to
 n
ew
 id
ea
s.
Si
m
ila
rl
y,
 o
th
er
 d
es
ig
n 
ev
en
ts
 h
av
e 
a 
na
tu
ra
l 
af
fin
ity
 w
ith
 
ot
he
r 
pr
od
uc
ts
 
fo
r 
di
sa
bl
ed
 
pe
op
le
. 
Pa
ri
s 
Fa
sh
io
n 
W
ee
k 
w
ith
 
he
ar
in
g 
ai
ds
, 
Ar
s 
El
ec
tr
on
ic
a 
w
ith
 
co
m
m
un
ic
at
io
n 
de
vi
ce
s 
fo
r 
pe
op
le
 w
ith
 s
pe
ec
h 
im
pa
ir
m
en
ts
. 
Th
e 
po
te
nt
ia
l 
ra
ng
e 
of
 
m
an
uf
ac
tu
re
rs
 
an
d 
de
si
gn
er
s 
co
ul
d 
be
 
di
ve
rs
e 
an
d 
ch
al
le
ng
in
g:
 i
t 
is
 i
nt
er
es
tin
g 
to
 s
pe
cu
la
te
 h
ow
 f
as
hi
on
 
de
si
gn
er
s 
lik
e 
Is
se
y 
M
iy
ak
e 
m
ig
ht
 c
ha
ng
e 
fo
re
ve
r 
th
e 
w
ay
 
fa
br
ic
s 
ar
e 
em
pl
oy
ed
 w
ith
in
 m
ed
ic
al
 e
ng
in
ee
ri
ng
. M
or
e 
id
ea
s 
fo
r 
de
si
gn
 c
ol
la
bo
ra
tio
ns
 a
re
 d
is
cu
ss
ed
 la
te
r 
in
 th
is
 b
oo
k.
W
ith
 e
ve
n 
m
or
e 
pr
of
ou
nd
 im
pl
ic
at
io
ns
 f
or
 th
e 
fu
tu
re
, w
e 
m
ig
ht
 l
oo
k 
fo
rw
ar
d 
to
 t
he
 v
er
y 
be
st
 y
ou
ng
 d
es
ig
n 
st
ud
en
ts
 
be
in
g 
dr
aw
n 
in
: 
no
t 
ju
st
 t
ho
se
 d
es
tin
ed
 f
or
 m
ai
ns
tr
ea
m
 
co
m
m
er
ci
al
 s
uc
ce
ss
, b
ut
 a
ls
o 
th
e 
en
fa
nt
s 
te
rr
ib
le
s.
 W
e 
w
ou
ld
 
be
ne
fit
 f
ro
m
 a
tte
m
pt
s 
to
 u
nd
er
m
in
e 
ou
r 
pr
ec
on
ce
pt
io
ns
 o
f 
w
ha
t a
 w
he
el
ch
ai
r s
ho
ul
d 
be
, w
he
re
as
, a
t t
he
 m
om
en
t, 
de
si
gn
 
fo
r d
is
ab
ili
ty
 o
fte
n 
at
tr
ac
ts
 st
ud
en
ts
 se
em
in
gl
y 
m
or
e 
m
ot
iv
at
ed
 
by
 u
se
r-
ce
nt
er
ed
 d
es
ig
n 
th
an
 b
y 
st
ir
ri
ng
 u
p 
de
si
gn
 it
se
lf.
 T
he
 
ir
on
y 
is
 t
ha
t 
de
si
gn
 f
or
 d
is
ab
ili
ty
 n
ee
ds
 b
ot
h 
ty
pe
s 
of
 y
ou
ng
 
de
si
gn
er
.
Br
ai
lle
 d
res
s b
y 
Sh
el
le
y 
Fo
x.
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ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
de
si
gn
in
g 
B
ra
ill
e 
fo
r 
th
e 
si
gh
te
d
Th
is
 a
rg
um
en
t 
re
la
te
s 
as
 m
uc
h 
to
 t
he
 e
nv
ir
on
m
en
t 
w
e 
al
l 
sh
ar
e 
as
 t
o 
pr
od
uc
ts
 f
or
 p
eo
pl
e 
w
ith
 d
is
ab
ili
tie
s 
an
d 
as
 m
uc
h 
to
 i
nc
lu
si
ve
 d
es
ig
n 
as
 t
o 
de
si
gn
 f
or
 s
pe
ci
al
 n
ee
ds
. 
To
 g
iv
e 
on
e 
ex
am
pl
e,
 w
he
n 
Br
ai
lle
 i
s 
em
pl
oy
ed
 i
n 
in
cl
us
iv
e 
de
si
gn
, 
ra
th
er
 th
an
 in
 p
ub
lic
at
io
ns
 o
r 
pr
od
uc
ts
 s
pe
ci
fic
al
ly
 fo
r 
pe
op
le
 
w
ho
 r
ea
d 
br
ai
lle
, i
t i
ne
vi
ta
bl
y 
be
co
m
es
 p
ar
t o
f 
th
e 
vi
su
al
 a
nd
 
ta
ct
ile
 e
xp
er
ie
nc
e 
of
 s
ig
ht
ed
 p
eo
pl
e:
 a
 v
is
ib
le
, i
f 
ill
eg
ib
le
 p
ar
t 
of
 t
he
ir
 e
nv
ir
on
m
en
t. 
W
e 
ne
ed
 d
es
ig
ne
rs
 t
o 
ex
pl
or
e 
ne
w
 
vi
su
al
 la
ng
ua
ge
s 
th
at
 m
ig
ht
 e
m
er
ge
 w
he
n 
Br
ai
lle
 is
 c
om
bi
ne
d 
w
ith
 v
is
ua
l i
nf
or
m
at
io
n 
an
d 
ev
en
 d
ec
or
at
io
n.
 S
ee
in
g 
th
is
 a
s 
a 
pr
ob
le
m
 to
 b
e 
so
lv
ed
 is
 p
ro
ba
bl
y 
no
t t
he
 b
es
t f
ra
m
e 
of
 m
in
d 
w
ith
 w
hi
ch
 t
o 
en
ga
ge
 w
ith
 i
t. 
H
er
e 
ar
e 
th
e 
be
gi
nn
in
gs
 o
f 
m
or
e 
pl
ay
fu
l a
pp
ro
ac
he
s:
Th
e 
ar
tis
t a
nd
 d
es
ig
ne
r 
Sh
el
le
y 
Fo
x 
ha
s 
re
pe
at
ed
ly
 e
xp
lo
re
d 
Br
ai
lle
 a
nd
 M
oo
n 
w
ri
tin
g 
in
 h
er
 w
or
k.
 (
M
oo
n 
is
 a
no
th
er
 fo
rm
 
of
 e
m
bo
ss
ed
 w
ri
tin
g,
 d
er
iv
ed
 f
ro
m
 s
im
pl
ifi
ed
 l
et
te
r 
fo
rm
s 
fr
om
 th
e 
Ro
m
an
 a
lp
ha
be
t, 
so
 m
ai
nl
y 
us
ed
 b
y 
pe
op
le
 w
ho
 lo
se
 
th
ei
r 
si
gh
t 
as
 a
du
lts
, 
al
re
ad
y 
ha
vi
ng
 le
ar
nt
 h
ow
 t
o 
re
ad
).
 S
he
 
w
as
 in
sp
ir
ed
 b
y 
an
d 
ha
s 
be
co
m
e 
sl
ig
ht
ly
 o
bs
es
se
d 
w
ith
 b
ot
h,
 
se
nd
in
g 
ou
t M
oo
n 
in
vi
ta
tio
ns
 to
 h
er
 p
ri
va
te
 s
ho
w
s 
fo
r 
gu
es
ts
 
to
 d
ec
ip
he
r 
an
d 
ab
st
ra
ct
in
g 
Br
ai
lle
 i
nt
o 
kn
itt
ed
 c
lo
th
in
g.
 
Th
es
e 
w
oo
le
n 
ab
st
ra
ct
io
ns
 o
f 
Br
ai
lle
 a
re
 i
lle
gi
bl
e 
to
 v
is
ua
lly
 
im
pa
ir
ed
 p
eo
pl
e,
 y
et
 p
ro
vo
ke
 r
ef
le
ct
io
n 
on
 t
he
 i
ne
vi
ta
bl
e 
ro
le
 o
f 
Br
ai
lle
 a
s 
vi
su
al
 a
nd
 t
ac
til
e 
de
co
ra
tio
n 
in
 t
he
 e
ye
s 
of
 
a 
si
gh
te
d 
au
di
en
ce
. F
ox
’s
 w
or
k 
m
ay
 n
ot
 b
e 
di
re
ct
ly
 r
el
at
ed
 to
 
ac
ce
ss
ib
ili
ty
, 
bu
t 
co
ul
d 
in
sp
ir
e 
fu
tu
re
 w
or
k 
th
at
 i
s.
 T
he
 v
er
y 
be
st
 i
nc
lu
si
ve
 d
es
ig
n 
de
pe
nd
s 
on
 a
dd
re
ss
in
g 
th
is
 s
ec
on
da
ry
 
ag
en
da
, 
ju
st
 a
s 
th
e 
ve
ry
 b
es
t 
of
 a
ny
 d
es
ig
n 
is
 e
nh
an
ce
d 
by
 
ne
ce
ss
ar
y 
el
em
en
ts
, n
ot
 c
om
pr
om
is
ed
 b
y 
th
em
.
Ev
en
 m
or
e 
in
di
re
ct
ly
, 
Li
 E
de
lk
oo
rt
’s
 m
ag
az
in
e,
 I
nt
er
io
r 
Vi
ew
, 
fe
at
ur
ed
 a
n 
ed
iti
on
 c
al
le
d 
Bl
in
d 
D
es
ig
n.
12
 T
hi
s 
w
as
 
no
t, 
as
 i
ts
 t
itl
e 
m
ig
ht
 s
ug
ge
st
, 
ab
ou
t 
de
si
gn
 f
or
 v
is
ua
lly
 
im
pa
ir
ed
 p
eo
pl
e,
 b
ut
 i
ns
te
ad
 a
 m
or
e 
di
ve
rs
e 
co
lle
ct
io
n 
of
 
de
si
gn
 i
ns
pi
re
d 
by
 v
is
ua
l 
ne
ut
ra
lit
y,
 t
ex
tu
re
 o
r 
ta
ct
ili
ty
. 
An
 
In
te
ri
or
 V
ie
w
 1
4,
 B
lin
d 
De
sig
n.
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ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
ex
pl
or
at
or
y 
co
nc
ep
t 
fo
r 
a 
te
le
ph
on
e 
ha
s 
ra
is
ed
 b
um
ps
 f
or
 
ke
ys
, 
ye
t 
no
ne
 o
f 
th
es
e 
ar
e 
la
be
le
d 
an
d 
th
er
e 
is
 n
o 
sc
re
en
. 
In
te
re
st
in
g 
to
 s
ho
w
 t
he
 v
is
ua
l p
ro
m
is
e 
to
 a
 s
ig
ht
ed
 a
ud
ie
nc
e 
of
 a
do
pt
in
g 
a 
ta
ct
ile
 d
es
ig
n,
 a
 p
er
sp
ec
tiv
e 
th
at
 c
an
 tu
rn
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y 
in
to
 t
ru
ly
 i
nc
lu
si
ve
 d
es
ig
n.
 A
 s
ig
ht
ed
 u
se
r 
to
o 
m
ig
ht
 b
e 
in
tr
ig
ue
d 
an
d 
de
lig
ht
ed
 b
y 
a 
de
si
gn
 t
ha
t 
do
es
 n
ot
 
re
ly
 o
n 
vi
su
al
 e
xp
la
na
tio
n.
An
ot
he
r 
pa
ge
 s
ho
w
s 
a 
bo
ne
 c
hi
na
 p
la
te
 w
ith
 a
 t
ex
tu
re
 
re
m
in
is
ce
nt
 o
f 
Br
ai
lle
. 
Th
e 
de
si
gn
er
, 
Bo
do
 S
pe
rl
ei
n1
3 , 
w
as
 
ex
pl
or
in
g 
ho
w
 t
hi
s 
te
xt
ur
e 
ca
n 
de
fin
e 
th
e 
de
si
gn
 a
nd
 w
ha
t 
its
 r
el
at
io
ns
hi
p 
is
 to
 th
e 
ov
er
al
l m
as
s 
an
d 
su
rf
ac
e.
 B
ut
 th
is
 is
 it
 
no
t B
ra
ill
e,
 a
nd
 it
 w
as
 n
ot
 e
ve
n 
in
sp
ir
ed
 b
y 
Br
ai
lle
 b
ut
 b
y 
“t
he
 
flu
id
ity
 o
f 
th
e 
m
at
er
ia
l.”
 A
nd
 y
et
 th
is
 w
or
k 
ha
s 
so
m
et
hi
ng
 to
 
sa
y 
ab
ou
t 
in
te
gr
at
in
g 
Br
ai
lle
 i
n 
th
e 
de
si
gn
 o
f 
ac
ce
ss
ib
le
 y
et
 
be
au
tif
ul
 o
bj
ec
ts
 a
nd
 in
te
ri
or
s 
- 
fa
r 
m
or
e 
in
de
ed
 th
an
 c
ur
re
nt
 
lif
ts
 a
nd
 e
le
va
to
rs
 i
n 
w
hi
ch
 B
ra
ill
e 
is
 s
o 
ob
vi
ou
sl
y 
ap
pl
ie
d 
as
 
an
 a
fte
rt
ho
ug
ht
 a
nd
 w
ith
 n
o 
se
ns
e 
of
 i
ts
 v
is
ua
l 
im
pa
ct
; 
as
 a
 
re
gu
la
to
ry
 r
eq
ui
re
m
en
t, 
no
t 
an
 o
pp
or
tu
ni
ty
 f
or
 i
nf
lu
en
ci
ng
 
th
e 
w
ho
le
. 
Th
e 
hi
gh
es
t 
go
al
 t
od
ay
 s
ee
m
s 
to
 b
e 
th
at
 B
ra
ill
e 
sh
ou
ld
 n
ot
 o
ve
rl
y 
de
tr
ac
t 
fr
om
 t
he
 e
nv
ir
on
m
en
t, 
ra
th
er
 t
ha
n 
th
at
 i
t 
co
ul
d 
ev
er
 e
nh
an
ce
 i
t. 
W
he
re
as
 S
pe
rl
ei
n 
“w
an
te
d 
to
 
in
vi
te
 p
eo
pl
e 
to
 to
uc
h 
th
e 
pl
at
es
, a
nd
 a
ls
o 
to
 in
tr
ig
ue
 th
em
.”
In
cl
us
iv
e 
de
si
gn
 d
em
an
ds
 th
es
e 
pr
of
ou
nd
 n
ew
 p
er
sp
ec
tiv
es
; 
de
se
rv
es
 t
he
 i
nv
ol
ve
m
en
t 
of
 o
ur
 l
ea
di
ng
 d
es
ig
ne
rs
. 
W
he
n 
de
si
gn
in
g 
Br
ai
lle
 in
to
 th
e 
vi
su
al
 e
nv
ir
on
m
en
t, 
it 
m
ay
 b
e 
m
or
e 
ap
pr
op
ri
at
e 
to
 c
on
si
de
r 
it 
as
 m
uc
h 
fr
om
 a
 d
ec
or
at
iv
e 
as
 a
 
pr
ac
tic
al
 p
oi
nt
 o
f 
vi
ew
. W
e 
do
 n
ee
d 
so
lu
tio
ns
 t
ha
t 
ar
e 
pr
et
ty
 
(a
m
on
g 
al
l k
in
ds
 o
f o
th
er
 q
ua
lit
ie
s)
 n
ot
 ju
st
 u
sa
bl
e.
In
 th
is
 in
st
an
ce
 a
s 
in
 m
an
y 
ot
he
rs
, i
t m
ay
 a
ct
ua
lly
 b
e 
m
os
t 
ap
pr
op
ri
at
e 
to
 
in
vo
lv
e 
de
si
gn
er
s 
w
ho
 
ar
e 
no
t 
sp
ec
ia
lis
ts
 
in
 i
nc
lu
si
ve
 d
es
ig
n 
at
 a
ll,
 n
or
 e
ve
n 
w
is
h 
to
 b
ec
om
e.
 M
y 
re
co
m
m
en
da
tio
n 
is
 f
or
 i
nc
lu
si
ve
 d
es
ig
n 
to
 b
ec
om
e 
m
or
e 
op
en
 t
o 
at
tr
ac
tin
g 
an
d 
ab
so
rb
in
g 
di
ve
rs
e 
po
si
tiv
e 
in
flu
en
ce
s:
 
to
 a
da
pt
in
g 
an
d 
ad
op
tin
g 
m
or
e 
ra
di
ca
l a
pp
ro
ac
he
s,
 e
ve
n 
th
os
e 
th
at
 m
ay
 n
ot
 a
t 
th
e 
m
om
en
t 
be
 p
ro
du
ci
ng
 i
nc
lu
si
ve
 r
es
ul
ts
. 
Pl
at
es 
wi
th
 te
xt
ur
e b
y 
Bo
do
 S
pe
rl
ei
n.
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de
si
gn
 m
ee
ts
 d
is
ab
ili
ty
76
77
ex
pl
or
in
g 
m
ee
ts
 s
ol
vi
ng
di
sa
bi
lit
y.
 T
hi
s 
m
ig
ht
 p
ro
ve
 a
s 
ch
al
le
ng
in
g 
w
ith
in
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y 
as
 d
is
ab
ili
ty
 c
an
 b
e 
w
ith
in
 a
 w
id
er
 d
es
ig
n 
co
m
m
un
ity
, 
bu
t 
it 
is
 a
 c
ha
lle
ng
e 
th
at
 b
ot
h 
cu
ltu
re
s 
ne
ed
 t
o 
ri
se
 to
.
N
or
 is
 th
is
 c
on
tr
ad
ic
to
ry
 to
 in
cl
us
iv
e 
de
si
gn
’s
 r
ol
e 
of
 e
xe
rt
in
g 
a 
st
ro
ng
 i
nf
lu
en
ce
 o
n 
de
si
gn
. 
Q
ui
te
 t
he
 o
pp
os
ite
: 
th
e 
m
or
e 
cr
os
s-
fe
rt
ili
za
tio
n 
th
er
e 
is
, 
th
e 
m
or
e 
m
ut
ua
l 
in
flu
en
ce
 t
he
re
 
ca
n 
be
.
ke
ep
in
g 
th
e 
de
si
gn
 in
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y
If
 t
he
re
 i
s 
a 
w
el
co
m
e 
ch
an
ge
 i
n 
ou
r 
ap
pr
oa
ch
 t
o 
di
sa
bi
lit
y,
 
fr
om
 a
 m
ed
ic
al
 t
o 
a 
so
ci
al
 m
od
el
, 
it 
fo
llo
w
s 
th
at
 t
he
 r
ol
e 
of
 d
es
ig
n 
ne
ed
s 
to
 c
ha
ng
e 
to
o 
an
d 
th
er
ef
or
e 
th
e 
na
tu
re
 
of
 d
es
ig
n 
te
am
s.
 D
es
ig
n 
pr
oc
es
se
s 
ne
ed
 t
o 
be
co
m
e 
m
or
e 
in
cl
us
iv
e 
in
 s
ev
er
al
 w
ay
s,
 in
vo
lv
in
g 
no
t 
on
ly
 d
is
ab
le
d 
pe
op
le
 
th
em
se
lv
es
,14
 b
ut
 a
ls
o 
a 
gr
ea
te
r 
di
ve
rs
ity
 o
f 
de
si
gn
er
s.
 I
f 
w
e 
as
pi
re
 t
o 
th
e 
qu
al
iti
es
 a
nd
 q
ua
lit
y 
of
 m
ai
ns
tr
ea
m
 d
es
ig
n,
 t
hi
s 
w
ill
 r
eq
ui
re
 th
e 
se
ns
ib
ili
tie
s 
as
 w
el
l a
s 
th
e 
sk
ill
s 
of
 th
os
e 
w
ho
 
cr
ea
te
 m
ai
ns
tr
ea
m
 d
es
ig
n.
 A
rt
 s
ch
oo
l d
es
ig
n 
di
sc
ip
lin
es
 a
re
 a
s 
es
se
nt
ia
l t
o 
th
e 
m
ix
 a
s 
en
gi
ne
er
in
g 
an
d 
hu
m
an
 fa
ct
or
s.
M
ed
io
cr
ity
 m
us
t 
be
 a
vo
id
ed
. 
In
 d
es
ig
n 
fo
r 
sp
ec
ia
l 
ne
ed
s,
 
m
ed
io
cr
ity
 c
an
 r
es
ul
t 
in
 p
eo
pl
e 
be
in
g 
fu
rt
he
r 
st
ig
m
at
iz
ed
 b
y 
th
e 
ve
ry
 p
ro
du
ct
s 
th
at
 a
re
 i
nt
en
de
d 
to
 r
em
ov
e 
ba
rr
ie
rs
 f
or
 
th
em
, 
so
 u
nd
er
m
in
in
g 
th
e 
hi
gh
es
t 
go
al
 o
f 
so
ci
al
 i
nc
lu
si
on
. 
In
 i
nc
lu
si
ve
 d
es
ig
n,
 a
ny
 i
nc
lu
si
ve
 b
ut
 o
th
er
w
is
e 
m
ed
io
cr
e 
de
si
gn
 m
ig
ht
 o
nl
y 
pr
ov
e 
at
tr
ac
tiv
e 
to
 u
se
rs
 w
ho
 a
re
 c
ur
re
nt
ly
 
ex
cl
ud
ed
. I
f 
so
, 
it 
w
ou
ld
 b
ec
om
e 
de
si
gn
 f
or
 s
pe
ci
al
 n
ee
ds
 b
y 
de
fa
ul
t.
If
 d
es
ig
n 
fo
r 
di
sa
bi
lit
y 
po
si
tio
ns
 i
ts
el
f 
as
 s
om
et
hi
ng
 q
ui
te
 
di
st
in
ct
, 
ev
en
 s
om
eh
ow
 in
 o
pp
os
iti
on
 t
o 
m
ai
ns
tr
ea
m
 d
es
ig
n,
 
it 
w
ill
 i
ne
vi
ta
bl
y 
be
 le
ss
 i
nf
lu
en
tia
l. 
An
 i
m
pl
ic
it 
m
es
sa
ge
 t
ha
t 
de
si
gn
er
s 
ha
ve
 n
o 
pa
rt
 t
o 
pl
ay
 i
n 
de
si
gn
 f
or
 d
is
ab
ili
ty
 w
ill
 
be
co
m
e 
a 
se
lf-
fu
lfi
lli
ng
 p
ro
ph
es
y.
 If
 d
es
ig
n 
fo
r d
is
ab
ili
ty
 se
ek
s 
to
 m
ar
gi
na
liz
e 
de
si
gn
 i
n 
ge
ne
ra
l, 
it 
w
ill
 m
ar
gi
na
liz
e 
its
el
f 
in
st
ea
d.
 I
f 
m
an
y 
de
si
gn
er
s 
ar
e 
no
t 
en
ga
gi
ng
 w
ith
 d
is
ab
ili
ty
, 
se
ei
ng
 o
nl
y 
an
 e
nc
ro
ac
hi
ng
 l
eg
al
 o
bl
ig
at
io
n 
th
at
 w
ill
 s
tif
le
 
th
ei
r 
cr
ea
tiv
ity
, 
th
e 
w
ay
 t
o 
ch
an
ge
 t
he
se
 a
tti
tu
de
s 
is
 b
y 
m
or
e 
co
lla
bo
ra
tio
n,
 n
ot
 le
ss
.
It 
is
 i
m
po
rt
an
t 
th
at
 w
e 
ke
ep
 t
he
 d
es
ig
n 
in
 d
es
ig
n 
fo
r 
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